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FOREWORD 
This  program,  "Study  of  Pretesting  Effects on Electroexplosive 
Devices," is being  conducted  by  the  Applied  Physics  Laboratory,  one of 
The  Franklin  Institute  Research  Laboratories,  under  the  sponsorship  of 
The  National  Aeronautics  and  Space  Administration  Contract No. NAS1-62-1, 
Langley  Research  Center,  Virginia. 
Key  personnel in the  work  are E. E. Hannum,  Manager,  Applied 
Physics  Laboratory, R.  G. Amicone,  Group  Leader,  and  M.  G.  Kelly. 
This  is  the  final  technical  progress  report,  Franklin  Institute 
No. F-C1859,  covering  the  period  5  May, 1966 to 5 August  1967.  This 
report  is  not  classified. 
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ABSTRACT 
The answers t o  a quest ionnaire  which was s e n t  t o  v a r i o u s  NASA 
i n s t a l l a t i o n s  and t h e i r  s u p p l i e r s  d e a l i n g  w i t h  t h e  c u r r e n t l y  u s e d  p r e -  
t e s t i n g  p r a c t i c e s  are summarized  and d iscussed .  The c u r r e n t s  u s e d  f o r  
b r i d g e  r e s i s t a n c e  and cont inui ty   checks  vary  f rom 20 amps t o  20 mamps. 
No-fire and/or "1 amp, 1 w a t t "  p r e t e s t s  are app l i ed  by almost a l l  users 
and suppl iers .  Voltage breakdown  and d i e l e c t r i c  s t r e n g t h  tests use vol-  
t ages  r ang ing  f rom 50  to  1400  vo l t s .  E lec t ros t a t i c  tests invo lve  vo l t ages  
of  from 9 to 25 KV a p p l i e d  t o  t h e  EED from a 500 pf capticitor. The no- f i re  
test was judged to be one of the most severe p r e t e s t s  i f  a p p l i e d  t o  EED's 
i n t ended  fo r  ac tua l  u se .  
Experiments were performed on a v a r i e t y  of EEDs u s i n g  t h e  r e s u l t s  
of t he  ques t ionna i r e  as a guide.  A severe vers ion of  the vol tage break-  
down tes t  was used  to  cond i t ion  COMMAND squibs ,  FOX squibs  and MASSEY- 
1000 ign i te rs .  Subsequent  tests which were r u n  showed no s i g n i f i c a n t  
changes  had  occurred  in  the  cons tan t  cur ren t  sens i t iv i ty ,  func t ion ing  
t i m e ,  e l e c t r o s t a t i c  s e n s i t i v i t y ,  and bridgewire power s e n s i t i v i t y  due 
t o  t h e  c o n d i t i o n i n g .  
A d e c r e a s e  i n  t h e  c o n s t a n t  c u r r e n t  s e n s i t i v i t y  and an  increase  
i n  t h e  f u n c t i o n i n g  t i m e  and thermal time cons tan t  of t he  DART squib  were 
a f f e c t e d  by pu l s ing  wi th  success ive ly  inc reas ing  cons t an t  cu r ren t  pu l se s  
of 10 second duration (a conditioning schedule which is more severe than 
any  normally  appl ied  pretest) .   Condi t ioning  the DART squib  a t  t he  no - f i r e  
c u r r e n t  l e v e l  f o r  72  hours had no s i g n i f i c a n t  e f f e c t  upon these performance 
parameters. 
Condi t ioning the TA-700 s q u i b  w i t h  n o - f i r e  c u r r e n t s  f o r  p e r i o d s  
as s h o r t  as 1 hour caused a s i g n i f i c a n t  d e c r e a s e  i n  t h e  c o n s t a n t  c u r r e n t  
s e n s i t i v i t y  and a n  i n c r e a s e  i n  t h e  f u n c t i o n i n g  t i m e .  Longer  conditioning 
caused greater  changes in  these parameters .  No changes were o3served i n  
the  thermal  t i m e  c o n s t a n t  o r  t h e  dynamic r e s i s t a n c e  of t he  TA-700 squib  
due  to  condi t ion ing  wi th  no- f i re  cur ren ts  or  success ive ly  incremented  pulses .  
A t e c h n i q u e  f o r  t h e  t h e o r e t i c a l  a n a l y s i s  of p r e t e s t  e f f e c t s  i s  pre- 
sented.  Some knowledge  of  the EED thermal  parameters  is r e q u i r e d  f o r  t h i s  
approach. 
V 
 
     which t to various  
l ti  su pliers dealing wi  the currently us d pre-
practices  and . ts used for 
i e resistance it  checks va y from ~ s  
 and/or I   i  t l 
d su pliers. Voltage and strength   vol-
s ranging from 50 to 1400 volts. Electrostatic  lve voltages 
from  o   ied to the    0 pf capacitor.  
  to be ne of the most r  ts if a plied to D's 
i t ded for actual use. . 
t  on  t   i g the results 
  questio naire    version of the voltage break-
  to cond tion   i s SS -
 rs. Subsequent      
anges h o curred in the constant current sensitivity, functioning 
i sensitivity,  bridgewire t   
 the conditio ing. 
rease in the constant current sensitivity  increase 
the functioning i e  thermal    i  
i  with successively increasing cons ant current pulses 
 nd duration (a conditioning schedule which  
 norma ly applied pretest). Conditioning the  i    no-fire 
rent l l for  had e fect performance 
itioning the  ib it no-fire currents for periods 
 t    caused  decrease in the co stant current 
i it   increase in the functioning ger conditioning 
sed greater changes in these pa ameters.   b   
thermal i e tant or the i  t    i  
e to conditio ing with no-fire currents or successively incremented pulses. 
 chnique the theoretic l analysis e fects  
 ledge of the  l parameters  ired f r this 
 
v 

TABLE  OF  CONTENTS 
Page 
FOREWORD . . . . . . . . . . . . . . . . . . . . . . . . . .  iii 
ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . .  v 
INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . .  1 
1 . CURRENTLY USED PRETEST  PRACTICES . . . . . . . . . . . . . .  2 
1.1 P in - to -P in  EED P re tes ts  . . . . . . . . . . . . . . . .  2 
1.1.1 Br idge  Res is tance  and  Cont inu i ty  Check . . . . .  2 
1.1.2 No-Fire  and ''1 Amp. 1 Watt"   Test . . . . . . . .  2 
1.2  Br idge- to-Case  and  Br idge- to-Br idge  Pretests  . . . . .  4 
1.2.1 Vo l tage Breakdown o r   D i e l e c t r i c   S t r e n g t h  . . . .  4 
1.2.2 E l e c t r o s t a t i c   T e s t  . . . . . . . . . . . . . . .  6 
1.3 RF S u s c e p t i b i l i t y   T e s t s  . . . . . . . . . . . . . . . .  6 
1;5 Equipment  Used . . . . . . . . . . . . . . . . . . . .  6 
2 . METHODS  OF EVALUATION . . . . . . . . . . . . . . . . . . .  8 
2.1 T h e o r e t i c a l  Methods . . . . . . . . . . . . . . . . . .  8 
2.1.1 P in - to -P in   P re tes ts  . . . . . . . . . . . . . .  8 
2.1.2 Bridge-to-Case  and  Bridge-to-Bridge . . . . . .  14 
2.2 Experimental  Methods . . . . . . . . . . . . . . . . .  15 
2.2.2 No-F i re   Pu ls ing  . . . . . . . . . . . . . . . .  15 
1 .4   O the rTes ts  . . . . . . . . . . . . . . . . . . . . . .  6 
2.2.1  Successive  Increment  Technique . . . . . . . .  15 
2.2.3 Non-Destructive  Technique . . . . . . . . . . .  15 
3 . EFFECT  OF  THE 500 VOLT  MEGOHMMETER  TEST ON VARIOUS EEDS . . 17 
I 
3.1 COMMAND Squib . . . . . . . . . . . . . . . . . . . . .  17 
3.1.1 C o n s t a n t   C u r r e n t   S e n s i t i v i t y  . . . . . . . . . .  18 
3.1.2 Func t i on ing  Time . . . . . . . . . . . . . . . .  18 
3.1.3 E l e c t r o s t a t i c   S e n s i t i v i t y  . . . . . . . . . . . .  18 
3.1.4 B r idgew i re  Power S e n s i t i v i t y  . . . . . . . . . .  19  
vii 
. . . .  
• 1 ,~ 
~! . 
FOREWORD .. 
A STRACT .. 
I TRODUCTION . 
TABL  OF CONTENTS 
1. CURRENTLY USED PRETEST PRA TICES. 
1 . Pi n-to- i E D Pretests . . . . . . 
. . .  
'" . . .  . . 
iii 
v 
1 
2 
2 
1.  ridge Re istance and Continuity heck 2 
1. .  - ir  and 111 , 1 tt ll Test. . . 2 
1.2 Bridge-to-Case and Bridge-to-Bridge Pretests 4 
1. .  lt ge reakdown or Di lectric Strength. . 4 
1. .  l tr tatic Test. . . . . 6 
1. RF Susceptibility Tests. 
1.4 Oth r Tests .. 
1.  ui nt Used . 
2. T S OF EVAL~ATION 
2.  oretical t ds 
. i -t - i  Pretests 
. .2 i t  an  Bridge-to-Bridge 
2. ri t l Methods ...... . 
2. .  Succ ssiv  Increment Technique 
.2 - ire Pulsing .... • 
6 
6 
6 
8 
8 
8 
14 
15 
15 
15 
. .3 t ti  Technique . . 15 
. FF  OF THE 500  MEGOHMM TER TEST N I S S 17 
.  COMMAND quib • •... 
 nstant Cu rent Sensitivity 
.2 nctioning i e .... . 
.3 l tr static Sensitivity- . 
.4 i ewire o er ensitivity . 
ii 
17 
18 
18 
8 
9 
TABLE OF CONTENTS ( C O N I  . ) 
3.2  Effects o f  the 500 Volt  Megohmmeter Test on FOX Squib . . 20 
3.2.1  Functioning Time as a Function o f  Firing  Circuit . 20 
3.2.2  Electrostatic  Sensit ivity . . . . . . . . . . . . .  21 
3.3 MASSEY-1000 Igniter - Electrostatic  Sensit ivity . . . . .  22 
4 . EFFECTS OF PIN-TO-PIN PREl'ESTS ON VARIOUS EEDS . . . . . . . .  23 
4.1 DART S q u i b  . . . . . . . . . . . . . . . . . . . . . . . .  23 
4.1.1 Constant  Current Sensi t ivi ty  . . . . . . . . . . .  23 
4 .1 .2  Functioning Time . . . . . . . . . . . . . . . . .  26 
4.1.3 Dynamic Resistance . . . . . . . . . . . . . . . .  28 
4.1.4 Thermal  Time Constant . . . . . . . . . . . . . .  30 
4.1.5  Bridgewire Power Sensi t ivi ty  . . . . . . . . . . .  30 
4.2 TA-700 SqUib . . . . . . . . . . . . . . . . . . . . . .  32 
4.2.1 Constant  Current Sensit ivity . . . . . . . . . . . .  32 
4.2.2 Functioning Time . . . . . . . . . . . . . . . . .  35 
4.2.3 Dynamic Resistance . . . . . . . . . . . . . . . .  37 
4 .2 .4  Thermal  Time Constant . . . . . . . . . . . . . .  38 
4.2.5  Bridgewire Power Sensi t ivi ty  . . . . . . . . . . .  40 
5 . SUMMARY A N D  coNcLusroNs . . . . . . . . . . . . . . . . . . .  45 
APPENDICES . . . . . . . . . . . . . . . . . . . . . . . . . .  49 
Appendix A . Pretest  Questionnaire . . . . . . . . . . .  A-1 
Appendix B . Description of  Tests Used i n  Pretest Studies B-1 
Constant  Current Sensit ivity and Functioning Time . . B-2 
Dynamic Resistance . . . . . . . . . . . . . . . . . .  5-2 
Thermal  .Time Constant . . . . . . . . . . . . . . . .  9-3 
Constant  Current  Successive Incremented Pulses . . . .  B-3 
Nondestructive Measurements . . . . . . . . . . . . .  B-4 
Appendix C . Constant  Current  Control  Tests on DART and 
TA-700 Squibs . . . . . . . . . . . . . . .  C-1 
viii 
  T.  
Effects    ib. 
 Functioning   Circuit 
Electrostatic Sensitivity.         
S -10  Sensitivity  
.   I  T    O  
 ...  
.  CuY'rent t  
.  
.  ... 
.  Time 
.  Bridgewire  
- ui  .  
.  Current 
.2 
 i  ... 
.  Time 
.  Bridgewire t  
 ~1MARY  CO C US IO S
 
 
 
 
 
 
 
 
 
  . . . . .  
 - t Questionnaire -l
 -   Studies 
Current   
istance.              B-
Time             8
t Current Successive 8  
 - Current Control Tests   
  -l 
ii
LIST OF ILLUSTRATIONS 
F ig .  No. Page 
1 Resistance and C o n t i n u i t y  Tests. . . . . . . . . . . . . .  10 
2 N o - F i r e T e s t s  . . . .  : . . . . . . . . . . . . . . . . .  11 . ,  
3 Al Pre tes ts  Combined Wi th  Envi ronmenta l   St imul i  . . . . .  13 
4 S t a t i c   D i s c h a r g e   T e s t   C i r c u i t  . . . . . . . . . . . . . .  19 
5 Dynamic Res is tance  o f   Cond i t ioned and Uncondi t ioned DART 
S q u i b s .  . . . . . . . . . . . . . . . . . . . . . . . . .  29 
6 Mean F i r i n g  C u r r e n t  as  a Func t i on   o f   No -F i re   Cond i t i on ing  
Time f o r   t h e  TA-700 Squib . . . . . . . . . . . . . . . .  34 
7 Func t ion ing  Time as  a Func t ion   o f   No -F i re   Cond i t i on ing  
Time f o r   t h e  TA-700 Squib . . . . . . . . . . . . . . . .  36 
8 Dynamic Resis tance  o f   Condi t ioned and Uncondi t ioned 
TA-700Squibs . . . . . . . . . . . . . . . . . . . . . .  39 
9 Br idgewi re  Power S e n s i t i v i t y  and Br idgewire  Resistance as 
a Func t ion   o f   Prepu lse   Cur ren t  (TA-700  Delay  Squib). . . .  44 
B-1 I n t e r p r e t a t i o n  of  Dynamic Resis tance  Osci l lograph . . . .  B-6 
B-2 C i r c u i t   f o r  Ro and zF Measurements B-6 AR . . . . . . . . . . . .  
ix 
. .  
   
   it  ts 
ire es  
l    Environmental Stimuli 
Discharg  Test Circuit 
i  i tance of Conditioned    
 
 
1 
 
 
  . . . . . . . .   . . . . . . . .   . . .  
 Current a tion of No-Fire Conditioning 
 the - i               
ti i    a tion of No-Fire Conditioning 
 the - i                
 i t nce of Conditioned   
00 S i s   . . . . . . . .   . . . . . . .  
  sitivity  Re istance  
ti n of Prepulse Current Delay Squib).  
 tation  Dynamic i t nce Oscillograph 
6   i rcuit for  ~P:" e 8  
Table No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
LIST 'OF TABLES 
Page 
Summary o f  Repl i es  Concerni ng B r i  dgewi re   Res is tance  
Checks  and No-Fire  Current  Tests . . . . . . . . . . . .  3 
Summary o f  Repl ies Concerning Vol tage Breakdown o r  
D i e l e c t r i c   S t r e n g t h  . . . . . . . . . . . . . . . . . .  5 
Resu l ts   o f   Constan t   Cur ren t   Tes t   on   the  COMMAND Squib . 18 
Funct ion ing  Times o f  Condi t ioned and Uncondi t ioned 
FOX Squibs . . . . . . . . . . . . . . . . . . . . . . .  20 
S t a t i c  F i r e  V o l t a g e  f o r  C o n d i t i o n e d  and Uncondit ioned 
FOX Squibs . . . . . . . . . . . . . . . . . . . . . . .  21 
Resul ts  o f  Success ive Increment  Test  on DART Squibs 
A I  = 20 M i l l i amperes  . . . . . . . . . . . . . . . . . .  24 
Resul ts  o f  Success ive Increment  Test  on DART Squibs 
AI = 40 M i l l i amperes  . . . . . . . . . . . . . . . . . .  25 
Funct ioning Times o f  .DART Squibs used i n  Succes.sive I n -  
crement T e s t , d  = 20 M i l l i amperes  . . . . . . . . . . .  26 
Funct ion ing  Times o f  C o n d i t i o n e d  and Unconditioned Squibs 
F i r e d   a t   h e  Mean+5o Current   Level  . . . . . . . . . . .  27 
Dynamic Resistance Measurements o f  C o n d i t i o n e d  and Un- 
cond i t ioned DART Squibs . . . . . . . . . . . . . . . .  28 
Thermal  Time  Constants o f  Cond i t ioned and Uncond i t ioned 
Comparison o f  B r idgew i re  Power S e n s i t i v i t y  of DART Squib 
Before  and  Af ter   Prepuls ing . . . . . . . . . . . . . .  31 
Mean F i r i n g  S e n s i t i v i t y  o f  TA-700 Squ ib  Cond i t i oned  fo r  
Various  Times a t   t h e  M-50 Level  . . . . . . . . . . . .  35 
Average Functioning Times o f  TA-700 Squ ib  Cond i t ioned w i th  
the  M-5o Current  . . . . . . . . . . . . . . . . . . . .  37 
DART Squibs . . . . . . . . . . . . . . . . . . . . . .  31 
X 
  
 
r   li  Concernin  i e e 
 and Curr n  Tests           
r   l Concerning Voltage   
i  Strength .              
lt of Constant Curren Test on the  i   
ti i    and Unconditioned 
   . . . . . . . .    . . . . . . . . ..  
Fire Voltage for Conditioned d Unconditioned 
    . . . . . . . .   . . . . . . . .   
l  of Successive Increment Test on s, 
~I  i liamperes.                 
l  of Successive Incr ment Test   , 
~I  i liamperes.        . ... 
Times   used  'si  
t, l:J  i 11 i ampe  .....  
ti i   Conditione  d Uncond tioned Squibs 
d at the n+5cr L vel         
 i  Measurements Conditione   
   .....      .  
1 r al Time Cons ants  Cond tioned and U conditioned 
 ibs  . . . . . . . .   . . . . . . . .  ..  
    sitivity   i  
 and After Prepu1sing             .  
 ~1  i g Se  f -  ib Conditi for 
Times the cr l .• .....  
 e Functioning Times  - ib Conditione with 
 cr t  . . . . . . .   . . . . . . .  ..  
x
LIST OF TABLES  (CONT. ) 
15  Dynamic Res is tance  o f   Cond i t ioned and  Uncondit ioned 
TA-700 Squibs. . . . . . . . . . . . . . . . . . . . . .  38 
16  Thermal  Time  Constants o f   Cond i t ioned and Uncondi t ioned 
TA-700 Squibs. . . . . . . . . . . . . . . . . . . . . .  40 
TA-700 Delay  Squibs  Before and A f t e r  Prepu 1 s i n g  . . . . 41 17 Resistance  and  Br idgewire Power S e n s i t i v i t  of 
t 
:1 
J; 
d.l: jI) 
r 
 
 
 
 (CONT.  
Dynamic i tance of Conditioned d Unconditioned 
-  •..... ~ . . . . . .    
Thermal Time Constants Conditioned  d 
  . . . . . .  . . . . . . .   . ..  
 and Bridgewire r sitivity  
- y Squibs Before  t l i     
xi 
INTRODUCTION 
After  an  EED is manufactured it  is u s u a l l y  s u b j e c t e d  t o  a v a r i e t y  
of tests which we ca l l  p r e t e s t s .  The  most common p r e t e s t  is t h e  c o n t i n u i t y  
o r  br idge  res i s tance  check .  Other ,  more  complex, tests i n v o l v i n g  d i e l e c t r i c  
s t r e n g t h ,  r - f  s u s c e p t a b i l i t y ,  and e l e c t r o s t a t i c  s e n s i t i v i t y  are a lso  used  
by many manufacturers and users.  It w a s  o u r  i n t e n t i o n  i n  t h i s  p r o j e c t  
t o  de t e rmine  i n  d e t a i l  what p r e t e s t s  are used and how they  migh t  a f f ec t  
. t h e  normal; behavior  of  e lec t roexplos ive  devices  (EEDs). 
Our p l an  was to  send  out  a ques t ionna i r e  conce rn ing  the  p re t e s t  
p r a c t i c e s  t o  t h e  m a n u f a c t u r e r s  and u s e r s  of EEDs. The answers t o  t h e  
ques t ionna i r e  formed t h e  framework of the   experimental   s tudy.  The experi-  
menta l  s tudy  us ing  var ious  EEDs w a s  concent ra ted  on two f a c e t s  of p r e t e s t i n g  
which appeared to  be possible  problem areas - t h e  d i e l e c t r i c  s t r e n g t h  test  
and t h e  n o - f i r e  t e s t .  T h i s  r e p o r t  is thus  d iv ided  up  in to  sec t ions  dea l ing  
w i t h  t h e  a n s w e r s  t o  t h e  q u e s t i o n n a i r e ,  t h e  d i e l e c t r i c  s t r e n g t h  test and t h e  
no - f i r e  test .  One a d d i t i o n a l  s e c t i o n  d i s c u s s e s  t h e  m e t h o d s  u s e d  i n  t h e  
exper imenta l  s tud ies .  
1 
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I .  CURRENTLY USED PRETEST PRETEST PRACTICES 
At  the  start  of  this  project  a  questionnaire  (See.  Appendix A) 
concerning  the  currently  used EED pretesting  practices  was  sent  to  a 
number  of EED users  and  manufacturers.  Out  of 31 questionnaires  sent  out 
14 were  answered.  The  replies  are  summarized  below  with  special  emphasis 
given  to  the  pretests  practices  which we  have  studied  in  detail.  The 
questionnaire  may  be  referred  to  in  Appendix A for  the  actual  questions 
asked  under  each  topic. 
1.1 P in- to -P in  EED P r e t e s t s  
Pin-to-Pin  tests,  that  is,  tests in which  the  test  stimulus  is 
applied  across  the  bridgewire  or  spot  charge are of  two  types.  There is 
the  bridge  resistance  or  continuity  check  and  the  no-fire  or  "one-amp, 
one  watt"  test. 
1.1.1 Br idge  Res is tance  and  Cont inu i ty  Check 
The  currents  used in measuring  bridge  resPstance or continuity 
may  vary  from 20 microamperes  to 20 milliamperes  with 10 milliamperes  being 
the  most  frequently  used  value.  According  to  the  replies,  resistance 
checks  are  made  on 100% of each  lot  and,  in  some  cases,  repeated  up  to 
30 times. The Alinco  resistance  tester  is  the  most  commonly  used  instru- 
ment  for  making  these  tests.  Section 1.5 of this  report  deals  with  this 
tester.  Table 1 summarizes  the  replies  concerning  the  bridge  resistance 
checks. 
1.1.2 No-Fire  and "1 Amp, 1 Watt"   Test 
Most  manufacturers  and  users  of EEDs subject  them  to  a  "no-fire" 
test. A no-fire  test  consists  of  passing  a  constant  current  through  the 
' 2  
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Table  1 
us er/Manl 
SUMMARY OF REPLIES  CONCERNING  BRIDGEWIRE 
RESISTANCE  CHECKS AND NO-FIRE CURRENT TESTS 
Bridgewire Resistance Check No-Fi re Current Test 
u. Current Level Number o f  % o f  Lot Lenqth o f  Number o f  % o f  Lot 
No. (ma> ADpl i c a t i  ons Checked Appl i ca t ion  Appl i ca t ions  Tested 
1 
2 
3 
4 '  
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
10 
<20 
10 
5 
<5 
12 
10-20 
* 
5 
10 
10 
20  pamps 
5 
20 
4 
Varies 
4 
4- 6 
Varies 
30 max 
1-3 
* 
0 
2 
- 
1-4 
1 
3-5 
3 
100% 
Y 
5 m i n  
5 m i n  
5 m i n  
30 sec  
1 m i n  
5 m i n  a t  
5 m i n  
* 
* 
5 m i n  
5 m i n  
15 m i n  
* 
5 m i n  
1 
1 
1 
1 
1 
160°F 1-2 
Varies 
* 
* 
1 
1 
1 
* 
1 
5% 
Sample 
100% 
Sample 
100% 
50% 
Varies 
* 
* 
Sample 
15% 
100% 
* 
Varies 
*Test not performed. 
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performed. 
bridge which has  been experimently determined to  have a ve ry  low p robab i l i t y  
o f  f i r i n g  t h e  EED. The f i r i n g  p r o b a b i l i t y  level usual ly  chosen is t h e  
0.1% level w i t h  95% confidence.  Many u s e r s  a l s o  r e q u i f e  t h a t  t h e  EED be 
s u b j e c t e d  t o  t h e  1 amp, 1 w a t t  level of  input  power.  With some EEDs t h i s  
level  cor responds  c lose ly  wi th  the  no- f i re  leve l .  In  o ther  ins tances  the  
1 amp, 1 watt level i s  below the  no - f i r e  cu r ren t  level.  Of course many 
EEDs are des igned  to  be  more s e n s i t i v e  and i n  such cases t h e  1 amp, 1 watt 
cri teria does not  apply.  
A c c o r d i n g  t o  t h e  r e p l i e s  t o  o u r  q u e s t i o n n a i r e  n o - f i r e  c u r r e n t s  
are a p p l i e d  t o  EEDs for  per iods  ranging  f rom 30 seconds  to  15  minutes .  
The  median a p p l i c a t i o n  time is 5 minutes.  Almost a l l  users  and manufacturers  
apply  the  test  current   only  once.  The percentage of t h e  t o t a l  l o t  t e s t e d  
ranges  from 5% t o  100%.  In  the  case o f  t h o s e  r e p l i e r s  who said they sub-  
j ec t ed  100% of t h e  l o t  t o  t h e  n o - f i r e  c u r r e n t ,  a n  a l l o w a n c e  must be made 
f o r  a p o s s i b l e  m i s i n t e r p r e t a t i o n  of the  express ion  "percent  of t o t a l  l o t "  
i n  t h e  q u e s t i o n n a i r e .  One r e p l i e r ,  f o r  i n s t a n c e ,  s a i d  t h a t  100% of h i s  
items were s u b j e c t e d  t o  1 amp, 1 w a t t  f o r  5 minutes a t  160°F. It is 
doub t fu l  t ha t  one  would want t o  u s e  a n  EED whTch survived such a test. 
It is p o s s i b l e  t h a t  s u c h  r e p l i e r s  meant t h a t  t h e  n o - f i r e  test w a s  run  on 
a sample  of  100%  of  the t o t a l  l o t .  T a b l e  2 summarizes   the  repl ies   concerning 
n o - f i r e  c u r r e n t  tests. 
1.2 Bridge-to-Case and Bridge-to-Bridge Pretests 
The r e p l i e s  t o  t h e  q u e s t i o n n a i r e  i n d i c a t e  t h a t  most u s e r s  and 
manufac tu re r s  sub jec t  t he i r  EEDs to  br idge-to-case and/or  br idge-to-br idge 
tests of  two types :  t he  vo l t age  breakdown o r  d i e l e c t r i c  s t r e n g t h  test 
and t h e  e l e c t r o s t a t i c  test. 
1.2.1  Voltage Breakdown or  Dielectric  Strength 
Almost a l l  u s e r s  and manufacturers  who r e p l i e d  u s e  some form of 
v o l t a g e  breakdown o r  d i e l e c t r r l c  s t r e n g t h  test. I n  g e n e r a l ,  a vol tage  of  
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T A B L E  2 
User/Manu.* 
# 
SUMMARY OF R E P L I E S   C O N C E R N I N G   V O L T A G E  
BREAKDOWN O R  D I E L E C T R I C   S T R E N G T H   T E S T  
Voltage  Level % 
Volts  Volts AC DC Applications  Tested  Used  Criteria 
AC DC Range of Currents No. of of l o t  Test  Instrument  Acceptance 
"
1 
2 
- 500 - - %4 100% - > l o  megohms 
- 1000 - 50to500pa - 100% Mideastern > 2  megohms 
Electronics 
3 - 500 - none %5 100% Freed >2 megohms 
4 - 250 to 
1400 - 10pa  Varies 100% Douglas Aircraft  Breakdown 
Between 
600 h 1200 VDC 
5 
6 - 500 - 500 pa I. 100% Freed >1 megohm 
7 
- 3.0 - No Limit 2 100% Simpson VOM >2 megohms 
- 1200 - 20 pa 1 100% Douglas  Aircraft >lo0 megohms 
a N o t  R u n  
9 500 500 .5  to - 3 100% General  Radio, >10 megohms 
to 1 ma  Slaughter 
1000 
10 500 - .10 ma - 2 100% Associated No 
Research  Breakdown 
11 500 - 5 ma - 1 100% General  Electric No 
Breakdown 
12 - 500 - 10pa 1-2 100% Various >50 megohms 
13 500 500 250  Pa - 1 100% Freed, Slaughter > l o 0  megohms 
14 - 500 - lOma 2 100% Freed  or General >2 megohms 
Radio 
*No names are given  since  some  repliers  wished t o  remain  anonymous. 
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50 t o  1400 v o l t s  is appl ied  f rom br idge- to-case  or  br idge- to-br idge  for  
a per iod of  fr0.m 5 t o  10 seconds. Both a-c and  d-c vol tages  and a v a r i e t y  
of test ins t ruments  are used .  In  Sec t ion  1.5 of t h i s  r e p o r t  t h e  G e n e r a l  
Radio megohmmeter i s  d i s c u s s e d  i n  r e l a t i o n  t o  p r e t e s t i n g  EEDs. Table 
2 summarizes t h e  r e p l i e s  c o n c e r n i n g  v o l t a g e  breakdown o r  d i e l e c t r i c  s t r e n g t h .  
1 .2.2 El ectro-Stati c Test 
I n  t h e  e l e c t r o s t a t i c  t es t  a vol tage ranging from 9 t o  24 k i l o -  
v o l t s  i s  discharged from a 500 p icofarad  capac i tor  across  the  br idge- to-  
case or  br idge-to-br idge of t h e  EED be ing  t e s t ed .  The  number of a p p l i c a t i o n s  
of t h e  test vo l t age  varies from 1 t o  5 times, and i n  most cases 100% of the 
l o t  i s  t e s t e d  (100%  of  sample?). The c r i t e r i a  f o r  a c c e p t a n c e  is u s u a l l y  
"no-f i re"  but  such condi t ions as "safe and operable' '  and "no degradat ion" 
are a l so  used  fo r  j udg ing  accep tab i l i t y .  
1.3 RF Susceptibility  Tests 
The r ep l i e s  conce rn ing  RF p r e t e s t i n g  of EEDs were incomplete,  
n o t  a v a i l a b l e  o r  i n  most cases, t h e  tests were simply not  run.  Of those  
r e p l i e r s  who sa id  they  r an  RF p r e t e s t s ,  power l e v e l s  of " 4  times normal" 
and "100 Mw/CM run between 2 to  10,000 megahertz"  were t y p i c a l .  2 
1 .4  Other Tests 
A v a r i e t y  of a d d i t i o n a l  tests are run  by t h e  v a r i o u s  u s e r s  and 
manufacturers.  Thermal time cons tan t ,   l eak  test ,  p re s su re  tes t ,  a l l  f i r e ,  
and func t ioning  time are examples. Some of t h e s e  tests are d e s t r u c t i v e  and 
thus  are usual ly  performed on a small sample of t h e  t o t a l  EED l o t .  
1.5 Equipment Used 
A v a r i e t y  of  equipment i s  used  fo r  t he  va r ious  p re t e s t s .  Dur ing  
o u r  s t u d i e s  t h r e e  of t he  in s t rumen t s  f r equen t ly  used  in  p re t e s t ing  were 
a v a i l a b l e  t o  us f o r  test purposes.  
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The General Radio Megohmmeters, types  1862-B and 1862-C (a more 
recent model),  which are f requent ly  used  for  measur ing  d ie lec t r ic  s t rength  
were t e s t e d  t o  d e t e r m i n e  i f  t h e  a p p l i c a t i o n  o f  t h e  test  vo l t age  ac ross  the  
EED produced  any  excessive  switching  t ransients .   Using  an  osci l l lscope 
we e s t a b l i s h e d  t h a t  n e i t h e r  model of the General Radio Megohmmeter suppl ied 
any v o l t a g e  g r e a t e r  t h a n  500 v o l t s  a c r o s s  t h e  EED when app l i ed  wi th  the  
se l f  con ta ined  swi t ches .  
The A L I N C O  i g n i t e r  c i r c u i t  tester made  by the Alleghany Instrument  
Co. and t h e  model E-80 Blasting Galvanometer made by t h e  Gray Instrument 
Co. are used  ex tens ive ly  for  res i s tance  and  cont inui ty  checks .  A r o u t i n e  
check w a s  made of maximum avai lable  measuring current  and waveforms gen- 
e r a t e d  when the instruments  are p l aced  in  an  EED c i r c u i t .  N e i t h e r  i n s t r u -  
ment produced any measurable switching transient when s w i t c h i n g  i n  and out 
of a t y p i c a l  EED c i r c u i t ,  e i t h e r  w i t h  t h e  b u i l t - i n  s w i t c h  o r  a mercury 
r e l a y .  The E-80 b las t ing  ga lvanometer  de l ivered  a maximum cur ren t  of 
7 .5  mi l l i amperes  to  a s h o r t  c i r c u i t  l o a d .  The ALINCO tester de l ive red  
a maximum c u r r e n t  of 4.8 mill iamperes under similar condi t ions .  
These r e l a t i v e l y  s i m p l e  tests on  these  tests ins t ruments  showed 
t h a t  no unsafe  or  unexpec ted  condi t ions  were l i k e l y  d u r i n g  p r e t e s t i n g .  
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2 .  METHODS OF EVALUATION 
I n  t h e  p r e c e d i n g  s e c t i o n  o f  t h i s  r e p o r t  t h e  v a r i o u s  EED p r e t e s t s  
c u r r e n t l y  employed  by manufacturers  and users  were discussed.  An important  
o b j e c t i v e  i n  t h i s  program w a s  t o  d e t e r m i n e  i f  t h e r e  were any  de tec t ab le  
e f f e c t s  on  an EED d u e  t o  t h e s e  p r e t e s t s .  Two approaches are p o s s i b l e  t o  
assess p re t e s t  e f f ec t s :  t heo re t i ca l  approach  where  bo th  the  inpu t  and  
response parameters  of  a given EED are s tud ied  and experimental  approach 
where actual  EEDs are used in  s imula t ed  p re t e s t s .  A l though  w e  have  employed 
on ly  expe r imen ta l  t echn iques  in  th i s  s tudy  8 t heo re t i ca l  approach  is d i s -  
c u s s e d  f o r  p o s s i b l e  u s e  i n  f u t u r e  s t u d i e s .  
2.1 Theoret ica l   Method 
2.1.1 P in - to -P in   Pre tes ts  
I f  t h e  v a l u e  of c e r t a i n  EED br idgewire  parameters  can  be  de te r -  
mined e i t h e r  by calculat ion or  measurements  it i s  p o s s i b l e  t o  estimate 
br idge-wire   temperature  as a func t ion  of i n p u t  c u r r e n t .  The fol lowing 
s teady  s ta te  r e l a t i o n s h i p  g i v e n  by Rosenthal. i s  a p p l i c a b l e  t o  h o t  w i r e  
type EEDs: 
I R  2 
y - I R a  
e =  2 
where f3 = bridgewire   t mperature ,  O C  
I = bridgewire current,  amperes 
R = br idgewi re  r e s i s t ance ,  ohms 
y = b r i d g e w i r e  h e a t  l o s s  f a c t o r ,  w a t t s / ' C  
a = br idgewire  tempera ture  coef f ic ien t  of  res i s tance  ohms/ohm-"C. 
The b r i d g e w i r e  h e a t  l o s s  f a c t o r  (y)  i s  a measure of t h e  e l e c t r i c a l  power 
which must be supplied t o  t h e  b r i d g e w i r e  t o  overcome t h e  h e a t  l o s s  t o  t h e  
surroundinR explosive material and binding par ts ,  and maintain a f i x e d  
1 
-L.A. Rosenthal,  NavOrd Report 6684, "Elec t ro thermal  Equat ions  for  Elec t ro-  
thermal Devices", Aug. 1959. 
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temperature.  The t empera tu re  coe f f i c i en t  (a) is  a measure  of   the   res is tance 
change  of a material per   degree  temperature  rise. The rest of t h e  f a c t o r s  
are se l f  exp lana to ry .  
D i f f i c u l t y  i n  o b t a i n i n g  t h e  v a l u e s  o f  a and espec ia l ly  y w i l l  
be  a m a j o r  l i m i t i n g  f a c t o r  i n  t h i s  t e c h n i q u e .  The la t te r  f a c t o r  can 
usua l ly  be  ob ta ined  on ly  by  d i r ec t  measurement. 
I f  a relat ionship between input  current  and br idgewire  temperature  
can be obtained with the preceding equat ion,  then the next  s tep is t o  
estimate or  de te rmine  the  h ighes t  b r idgewire  cur ren t  to  which  the  EED w i l l  
be  subjected during a g iven  p in- to-p in  type  pre tes t .  A s  w e  have  mentioned 
i n  S e c t i o n  1 the  two prominent  types of  pin- to-pin pretests  to  which EEDs 
are normally subjected are t h e  r e s i s t a n c e  o r  c o n t i n u i t y  t es t  and t h e  
no - f i r e  tes t .  
F igure  1 i l l u s t r a t e s  d i a g r a m a t i c a l l y  t h e  re la t ive  r e l a t i o n s h i p  
of  the ampli tude of  the resis tance and cont inui ty  test c u r r e n t s  t o  t h e  
amplitude of t h e  f i r i n g  p u l s e  which is u s e d  t o  i n i t i a t e  a n  EED i n  i ts  
f ina l  app l i ca t ion .  No te  tha t  each  l i ne  wh ich  r ep resen t s  an  app l i ca t ion  
of a measurihg current  i s  always less than  the  mean-5a cu r ren t  level 
which may be  cons ide red  c lose  to  the  0 .1% f i r ing  l eve l  w i th  95% confidence 
(of t e n  known as the "no-f i re"  level). The spacing between the l ines  
r e p r e s e n t s  t h e  t i m e  i n t e r v a l s  which may elapse between measuring pulses.  
Of course the evenness  of t he  spac ing  is n o t  s i g n i f i c a n t  s i n c e  resistance 
and c o n t i n u i t y  tests may be made minu tes  o r  days  apa r t .  The  number of 
l i n e s  is ,  l i k e w i s e ,  n o t  s i g n i f i c a n t  s i n c e  o u r  s u r v e y  showed t h a t  some 
EEDs are subjected to  only one measuring pulse  whereas  others  are subjec ted  
t o  several b e f o r e  t h e  f i n a l  a p p l i c a t i o n .  The f i r i n g  p u l s e  which i n i t i a t e s  
t h e  EED i n  i t s  f i n a l  a p p l i c a t i o n  i s  usua l ly  h ighe r  i n  cu r ren t  magn i tude  
than  the  mean+% f i r i n g  level which is  c l o s e  t o  t h e  99.9% wi th  95%  con- 
f i d e n c e  f i r i n g  level ("all-f ire level"). 
I n  a .manner similar t o  F i g u r e  1 t h e  r e l a t i o n s h i p  o f  t h e  n o - f i r e  
o r  1 amp, 1 watt p r e t e s t  p u l s e s  t o  t h e  f i r i n g  p u l s e  i s  i l l u s t r a t e d  i n  
F igure  2. I n  t h i s  f i g u r e  t h e  n o - f i r e  test pu l ses  are represented  by 
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I .   FI E E  
t h i c k e r  l i n e s  t h a n  t h o s e  of F igure  1 because  the  no - f i r e  p re t e s t  pu l se s  
are u s u a l l y  a p p l i e d  f o r  5 minute  per iods - a r e l a t i v e l y  l o n g  t i m e  compared 
t o  t h e  r e s i s t a n c e  and c o n t i n u i t y  tests. I f  a no - f i r e  test i s  app l i ed  a t  
a l l  t o  an EED it is only  appl ied  1 o r  2 times; thus ,  on ly  two pu l ses  are 
shown.  The magnitude of t h e  n o - f i r e  p u l s e s  i s  usua l ly  abou t  t he  mean-50 
c u r r e n t  f i r i n g  level which i s  a good conserva t ive  estimate f o r  t h e  0 . 1 %  
f i r i n g  level wi th  95% confidence.  
In  F igu re  3 t he  combina t ion  o f  t he  r e s i s t ance  p re t e s t s ,  t he  
n o - f i r e  p r e t e s t s  and possible  environmental  background s t imuli  are il- 
l u s t r a t e d  d i a g r a m m a t i c a l l y  i n  r e l a t i o n  t o  t h e  f i r i n g  p u l s e .  The p o s s i b l e  
environmental  s t imuli  which we have shown i n  t h i s  f i g u r e  i n c l u d e d  s t e a d y  
monitor ing currents  which are of ten  used  i n  EED-bearing v e h i c l e s ,  and 
u n i n t e n t i o n a l  c u r r e n t s  t o  t . h e  b r i d g e w i r e  r e s u l t i n g  f r o m  c r o s s t a l k  i n  
wir ing harnesses  and s t ray r-f  pickup in  the vehicle .  Although these 
envi ronmenta l  s t imul i  can  exhib i t  undes i reably  h igh  cur ren t  levels i t  i s  
assumed t h a t  t h e y  are usua l ly  comparable  to  the  normal  res i s tance  and 
c o n t i n u i t y  c u r r e n t  l e v e l s  of 5 t o  20 milliamperes u s e d  i n  pretests. 
F igure  3 i l l u s t r a t e s  t h e n ,  t h a t  t h e  most severe pin-to-pin pre- 
test i s  t h e  n o - f i r e  test s i n c e  c u r r e n t  levels of  ap:toximately mean-5u 
are a p p l i e d  t o  t h e  EED. By u s i n g  t h e  f i r i n g  . d a t a  ( t h e  mean and s tandard  
dev ia t ion , (o )  as determined by the  Bruce ton  procedure  or  o ther  su i tab le  
technique)  the  cur ren t  cor responding  to  the  mean-5u level can be calcu- 
l a t e d  f o r  a given EED. The temperature  of the  bridgewire  can  then  be 
d e t e r m i n e d  f o r  t h i s  c u r r e n t  level. 
Knowing t h e  maximum s t eady  s ta te  t empera tu re  to  which t h e  ex- 
p l o s i v e  material around the br idge would be subjected to  during a p r e t e s t  
might  enable  us  to  make some sound conclusions concerning the effects  of 
the  "worst-case"  pretest .  A knowledge of t h e  e f f e c t s  of temperature  upon 
t h e  e x p l o s i v e  o r  materials in  an  exp los ive  mix tu re  is  of ten  obtadnable  
from DTA (d i f f e ren t i a l  t he rma l  ana lys i s )  cu rves ,  phys i ca l  cons t an t  t ab le s  
and   o ther   re la ted   sources .  I f  i t  is known, f o r  i n s t a n c e ,  t h a t  f o r  a 
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p a r t i c u l a r  EED the  "no-f i re"  tempera ture  due  to  a p r e t e s t  is 200°C and an 
ingredien t  in  the  explos ive  mixture  undergoes  decomposi t ion  a t  190OC 
t hen  w e  may expect  some e f f e c t  d u e  t o  t h e  p r e t e s t .  The explos ive  mixture 
could change i t s  s e n s i t i v i t y ,  f o r  i n s t a n c e .  
We rea l i ze  tha t  t he  fo rego ing  type  o f  approach  may r e q u i r e  
information about  the br idgewire  s t ructure  and the explosive materials 
which i s  not  a lways  readi ly  ava i lab le .  It should  be  pointed  out,   however,  
t h a t  it may of ten  prove  easier to  ga the r  such  in fo rma t ion  than  to  pe r fo rm 
some of t h e  v a r i o u s  d e s t r u c t i v e  tests which w e  w i l l  d e s c r i b e  i n  t h e  n e x t  
s e c t i o n .  Where c o s t s  a n d / o r  t h e  number  of EEDs a v a i l a b l e  f o r  p r e t e s t  
eva lua t ion  are l i m i t e d ,  a theo re t i ca l  approach  may be the only answer.  
2.1.2 Bridge-to-Bridge and Bridge-to-Case  Tests 
I n  a t t e m p t i n g  t o  p r e d i c t  what e f fec ts  might  be  expec ted  on t h e  
f i r i n g  c h a r a c t e r i s t i c s  of an EED due t o  e l e c t r o s t a t i c  and voltage break- 
down tests w e  are l imited considerably by lack of  information on the 
e f f e c t s  of h igh  vol tages  on  explos ives .  S imple  ca lcu la t ions  us ing  Ohm's 
l a w  w i l l  show t h a t  t h e  c u r r e n t s  and powers involved i n  b o t h  t h e  v o l t a g e  
breakdown  and t h e  e l e c t r o s t a t i c  tests are extremely small when we cons ider  
t ha t  t he  b r idge - to -case  r e s i s t ance  of  most EEDs is  1 megohm o r  more. This  
seems t o  d i c t a t e  t h a t  any e f f e c t  due t o  t h e  e l e c t r o s t a t i c  and v o l t a g e  
breakdown tests would be very local ized within the EED. 
It is  known tha t  bo th  types  of  pre tes t s  have  caused  EEDs t o   f i r e  
whi le   be ing   tes ted .  It is a l s o  c o n c e i v a b l e  t h a t  t h e  a p p l i c a t i o n  of e l e c t r o -  
s ta t ic  and vo l t age  breakdown p re t e s t s  cou ld  cause  an  EED t o  become more 
s e n s i t i v e  t o  t h e s e  modes of  f i r ing .  Determina t ion  of t h e s e  e f f e c t s  and 
o t h e r  less obv ious  e f f ec t s  is p r e s e n t l y  l i m i t e d  t o  e x p e r i m e n t a l  t e c h n i q u e s  
i n  which actual  EEDs are employed, i .e. no  s imple  theo re t i ca l  method e x i s t s  
f o r  t h e  e v a l u a t i o n  of s ta t ic  and v o l t a g e  breakdown p r e t e s t  e f f e c t s .  
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2.2 Experimental Methods 
In our  studies  of  the  effects  of  pretests  we  have  used  a  number 
of  experimental  methods.  Among  the  methods  used  are  the  successive 
increment  technique,  no-fire  pulsing,  and  the  non-destructive  technique. 
Measurements  of  commonly  used EED parameters  such as the 10 second  constant 
current  sensitivity,  functioning  time,  thermal  time  constant  and  dynamic 
resistance  were  also  used  extensively in pretest  evaluations.  Most  of 
the  techniques  and  parameters  mentioned  are  described n etail in 
Appendix B; however,  the  main  techniques  are  discussed  briefly  below. 
2.2.1 Successive Increment Technique 
Since  the  successive  increment  test  tends  to  exaggerate  the 
effects  of  pretests  it  is  used  as  a  means  of  roughly  screening EEDs before 
more  definitive  tests  are  employed.  If  an EED exhibits  no  change  in 
sensitivity  due  to  the  successive  increment  test  it  is  doubtful  that it 
will  be  adversely  affected  by  any  pin-to-pin  pretests. 
2.2.2 No-Fire Pulsing 
A more  definitive  technique  is  to  subject  a  quantity  of EEDs 
to  constant  current  pulses  at  the  mean-5u  level  and  then  evaluate  the 
various EED parameters  of  the  pulsed  items  such  as  the 10 second,  constant 
current  sensitivity,  functioning  time,  thermal  time  constant,  etc.  for 
significant  changes. A disadvantage of this  and  similar  techniques  in 
which EEDs are  subjected  to  current  levels  with  firing  probabilities  of 
less  than 50% (the  mean)  is  that  a  large  quantity of EEDs must  be  used 
to  define  the  degree  of  the  pretest  effect,  if  any. 
2.2.3 Non-Destructive Technique 
The  non-destructive  technique  makes  use of the  product R 
(see  Appendix B) which  has  been  shown  to  be  related  to  the  constant  current 
0 
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s e n s i t i v i t y  f o r  many EEDs. P r e t e s t  c u r r e n t s  s u c h  as t h e  mean-50 c u r r e n t  
can be  app l i ed  to  an  EED and,   subsequent ly ,   the   product  R - o AP i s  measured 
t o  assess t h e  e f f e c t s ,  i f  a n y ,  d u e  t o  t h e  p r e s e n t  c u r r e n t .  When t e s t i n g  
an EED f o r  p r e t e s t  e f f e c t s  f o r  t h e  f i r s t  time, say  wi th  the  success ive  
increment  technique,  the non-destruct ive technique is an excellent backup 
test. When more information i s  known about  the  EED the  non-des t ruc t ive  
test may be used as a primary means of a n a l y s i s .  
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3. EFFECT OF THE 500 VOLT MEGOHMMETER TEST ON VARIOUS EEDs 
We were e s p e c i a l l y  i n t e r e s t e d  i n  t h e  e f f e c t s  p r o d u c e d  i n  a n  EED 
by t h e  500 v o l t  megohmmeter (o r  "megger" ) t e s t .  In  o rde r  t o  assess any 
e f f e c t s ,  t h e  EEDs be ing  s tudied  were s u b j e a t e d  t o  v a r i o u s  c o n t r o l  tests 
which  es tab l i shed  the  "normal" behavior  of  the EED under  the given con- 
d i t i o n s .  A f t e r  t h e  "normal" behavior  w a s  e s t a b l i s h e d ,  a number  of f r e s h  
EEDs were s u b j e c t e d  t o  a 500 v o l t  p r e c o n d i t i o n i n g  test. The coh t ro l  tests 
were aga in  run  on these  condi t ioned  items and t h e  r e s u l t s  compared wi th  
the  "normal" test  r e s u l t s .  
The 500 vo l t  p recond i t ion ing  test w a s  chosen t o  s i m u l a t e  a d v e r s e  
t e s t i n g  c o n d i t i o n s .  A c c o r d i n g  t o  t h e  r e p l i e s  l i s t e d  i n  T a b l e  2 i n  S e c t i o n  
1 . 2  most c r i te r ia  fo r  accep tance  invo lve  the  measurement of pin-to-case 
res i s tance .   This   be ing   the  case, i t  is  conce ivable   tha t  someone  making 
a check of p in- to-case  res i s tance  could  apply  the  500 v o l t s  t o  t h e  EED 
f o r  a per iod  as long as 1 0  s e c o n d s  i n  o r d e r  t o  o b t a i n  t h e  r e a d i n g  a n d ,  
perhaps,   record it. Also, a s i t u a t i o n  i n  which t h e  measurement w a s  re- 
peated as many as 10 times might also occur.  Thus,  w e  a r r i v e d  a t  a 500 
vo l t  p recond i t ion ing  test which consis ts  of  applying 500 vol t s ,  p in- to-  
case ,  for  ten  consecut ive  10  second per iods .  The t i m e  between  voltage 
a p p l i c a t i o n  is  j u s t  enough to  a l low comple te  d ischarge  of  the  500 v o l t s .  
I n  a l l  tests, t h e  p o s i t i v e  v o l t a g e  w a s  a p p l i e d  t o  t h e  p i n s  and t h e  case 
was grounded. 
3.1 COMMAND Squib 
The COMMAND squib  is a low output  wire bridge device which is  
o f t en  used  i n  explos ive ly  ac t iva ted  swi tches .  The average  leads-to-case 
r e s i s t a n c e  i s  1 0  megohms. Four   d i f f e ren t   con t ro l  tests were run  on  the 
COMMAND squib  (1) c o n s t a n t  c u r r e n t  s e n s i t i v i t y ,  ( 2 )  f u n c t i o n i n g  t i m e  as 
a func t ion  of f i r i n g  c u r r e n t  and (3) e l e c t r o s t a t i c  s e n s i t i v i t y ,  and ( 4 )  
bridgewire  power s e n s i t i v i t y .  The r e s u l t s  of t h e  c o n t r o l  tests and  the  
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tests i n  which the squibs  were cond i t ioned  wi th  the  500 v o l t  megohmmeter 
test as previous ly  descr ibed  are d iscussed  i n  the paragraphs which follow. 
Details of t h e  c o n t r o l  tests w i l l  be found in Appendix B. 
3.1.1 Constant Current Sensitivity 
Using  . the  Frankl in  Ins t i tu te  Labora tor ies  Universa l  Pulser  
(FILUP), which w a s  deve loped  for  P ica t inny  Arsena l  under  cont rac t  No. 
DA-36-034-501-ORD-3115RD.j t h e  c o n s t a n t  c u r r e n t  s e n s i t i v i t y  of 40 COMMAND 
squibs  t o  a 10 second pulse  w a s  determined by the Bruceton technique.  
For ty  squibs  were then  condi t ioned  as d e s c r i b e d  i n  S e c t i o n  3 and evaluated 
f o r  c o n s t a n t  c u r r e n t  s e n s i t i v i t y .  The r e s u l t s  are compared i n  T a b l e  3 .  
Table 3 
RESULTS OF CONSTANT  CURRENT  TEST ON THE COMMAND SQUIB 
Mean  (milliamperes) Std. Deviation 
(log units) 
Control i tems 
Conditioned items 
446.7 
451.9 
.0176 
.0227 
There is no s i g n i f i c a n t  d i f f e r e n c e  i n  e i t h e r  t h e  mean o r  t h e  s t a n d a r d  
devia t ion  for  the  condi t ioned  and  uncondi t ioned  sq ibs .  
3.1.2 Functioning Time 
The COMMAND s q u i b  e x h i b i t s  a low i n t e n s i t y  l i g h t  o u t p u t .  F o r  
th i s  r eason ,  accu ra t e  func t ion ing  times could  not  be  readi ly  obta ined  
with  our  photoelectric  and  chronographic  equibment.  The func t ioning  
t i m e  measurements of these squibs were t h e r e f o r e  abandoned. 
3.1.3 Electrostatic Sensitivity 
Since  the  500 v o l t  "megger" test  is  a pin-to-case test, it 
o c c u r r e d  t o  u s  t h a t  t h e  e f f e c t s  on the  pin- to-case resis tance might  be 
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   differ in either the the standard 
for the conditione and unconditioned sqibs. 
. .  nct  
 i  exhibits   light o put. For 
 reason, accurate funct oning l  not b  readily obtained 
our photoele tri  and chronographic equibment.  
 rements f these squibs  . 
. .  l ctr stati  Sens tivity 
e the  r"   t -case 
rred us that the effects  pin-to-case resistance might be 
 
r e f l e c t e d  i n  t h e  p i n - t o - c a s e  e l e c t r o s t a t i c  s e n s i t i v i t y .  It w a s  our  in -  
t e n t i o n  t o  d e t e r m i n e  s ta t ic  s e n s i t i v i t y  by  app ly ing  vo l t age  pu l ses  in  
inc reas ing  500 v o l t  s t e p s  s t a r t i n g  a t  1000 vol ts  f rom pin- to-case until 
the  squ ib  w a s  i g n i t e d  o r  breakdown occurred. The appara tus  shown i n  
F igure  4, which s imulates  the capaci tance and resis tance of  a human being,  
w a s  u s e d  t o  d e l i v e r  t h e  s t a t i c  pulses .  
The p lug  conf igu ra t ion  of t h e  COMMAND squib  w a s  s u c h  t h a t  e x t e r n a l  
a r c ing  from leads-to-case occurred a t  about 7000 v o l t s  on a l l  squibs .  
Because of t h i s ,  t h e  test on these  EEDs w a s  abandoned. 
SPHERICAL 
CONTACT 
220 Mn SWITCH 
T 
ELECTRO  STATIC -I= 5OOppf ""1 TEST 
0 - 25,000 VOLTMETER 0 POINTS 
VOLT 
POWER 
SOURCE - A 
1 I 
F i g .  4 - S t a t i c  Discharge Test  C i r c u i t  
3.1.4 Bridgewire Power S e n s i t i v i t y  
Using the technique descr ibed in  Appendix B the  br idgewire  power 
s e n s i t i v i t i e s  o f  t w e n t y  COMMAND squibs  were measured and found t o  a v e r a g e  
0.0211 ohms p e r  w a t t  fo r  uncondi t ioned  squibs .  Twenty condi t ioned squibs  
averaged a power s e n s i t i v i t y  of 0.0206 ohms p e r  w a t t .  Thus,  the 500 v o l t  
megger" test d id  no t  a f f ec t  t he  b r idgewi re  power s e n s i t i v i t y  which has II 
been shown t o  b e  r e l a t e d  t o  t h e  c o n s t a n t  c u r r e n t  s e n s i t i v i t y .  The cons t an t  
current  Bruceton test  desc r ibed  in  Sec t ion  3 .1 .1  seems t o  v e r i f y  t h e s e  
r e s u l t s .  
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   t , the  
"  not affect the bridgewire  has 
be related to the constant current sensitivity.  
Bruceton i e  in Section 3.1.1 verify these 
3.2 E f f e c t s  o f  t h e  500 V o l t  Megohmmeter Tes t  on t h e  FOX Squib 
The FOX squib  i s  a ho t  wire br idgewire  lead  EED w i t h  a n  e n e r g e t i c  
ou tput .  As i ts  des igna t ion   imp l i e s ,  i t  is an  experimental   model.  It 
w a s  employed i n  t h e  500 v o l t  megger tests because w e  had a small q u a n t i t y  
a v a i l a b l e .  The average   l eads- to-case   res i s tance  i s  '3 x 10  megohms. 4 
Due t o  t h e  l i m i t e d  number of a v a i l a b l e  FOX squ ibs ,  t he  cons t an t  
c u r r e n t  s e n s i t i v i t y  and the  b r idgewi re  power s e n s i t i v i t y  tests were not  
made on   these  EEDs. The func t ion ing  t i m e  tests (which   should   re f lec t   cons tan t  
c u r r e n t  s e n s i t i v i t y )  and t h e  e l e c t r o s t a t i c  s e n s i t i v i t y  tests were run. 
3.2.1 Func t ion ing  Time  as a Func t ion  o f  F i r i n g   C u r r e n t  
S i x  FOX squibs  were f i r e d  a t  e a c h  o f  f i v e  d i f f e r e n t  c o n s t a n t  
c u r r e n t  levels. The pulse   wid th  w a s  he ld   cons tan t  a t  10  seconds. The 
same test was repea ted  us ing  FOX squibs which had been conditioned with 
the  500 "megger" test  as per  Sec t ion  3 .  The average  funct ioning times a t  
each  cu r ren t  l eve l  fo r  cond i t ioned  and unconditioned squibs are l i s t e d  
i n  T a b l e  4 .  
Table 4 
FUNCTIONING  TIMES OF CONDITIONED AND UNCONDITIONED FOX SQUIBS 
Average Func t ion ing  Times  (microseconds) 
Current Level  
(amperes ) 
1.5 
2.5 
4.5 
7.0 
10.0 
Uncondi t ioned  Co di t ioned 
1776  1698 
679  730 
459  41 2 
306 300 
224 31 6 
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Table  
 
I I  TIMES  I     I  
Level 
) 
 
 
 
 
 O   
e ti ing s (microseconds) 
 Conditioned 
 1698 
 730 
 41  
  
  
A comparison of t he  func t ion ing  times of t h e  two groups of 
FOX i n  t h e  t a b l e  shows t h a t  t h e  megger test h a s  n o  s i g n i f i c a n t  e f f e c t  
upon these  func t ion ing  times. 
3.2.2 E l e c t r o s t a t i c   S e n s i t i v i t y  
The s ta t ic  d ischarge  tes t  descr ibed  in  Sec t ion  3 .1 .2  w a s  run  
on 20 unconditioned and 20 condi t ioned FOX squibs .  The vo l t ages  a t  which 
f i r ings occurred for  each group of  20 squibs  are l i s t e d  i n  T a b l e  5. 
Both the condi t ioned and the uncondi t ioned FOX s q u i b s  f i r e d  a t  
an  ave rage  e l ec t ros t a t i c  vo l t age  o f  18 t o  2 1  k i l o v o l t s .  Also,  approximately 
30% of  the squibs  in  each group of 20 f i r e d .  It appea r s  t ha t  no  e f f ec t  
upon s t a t i c  s e n s i t i v i t y  w a s  brought about by t h e  500 v o l t  megohmmeter 
check. 
The p lug ,  headers  , br idgewire ,  and case  of t he  FOX squibs  are 
i d e n t i c a l   t o   t h o s e   o f   t h e  DART squib .  We f e l t ,  t h e r e f o r e ,  t h a t  megohmeter 
and e l e c t r o s t a t i c  tests were n o t  c a l l e d  f o r  w i t h  t h e  DART squib.  Further-  
more t h e  tests descr ibed  l a t e r  i n  t h i s  r e p o r t  r e q u i r e d  a l m o s t  a l l  a v a i l -  
a b l e  DART squibs .  
Table  5 
STATIC FIRING VOLTAGE*  FOR  CONDITIONED 
AND UNCONDITIONED FOX SQUIBS 
S t a t i c   F i   r i n g  Vol t a g e   ( k i  1 ovol t s )  
Uncondi t ioned  Condi t ioned 
22 25 
22 24 
17 21 
15 21 
14 20 
13 
~~ ~ ~ ~ ~- 
*Vol tage  increased  in  500 v o l t  s t e p s  s t a r t i n g  a t  1000 v o l t s .  Data shown 
i n  t a b l e  r e s u l t s  f o r  i n d i v i d u a l  s q u i b s .  
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TA I  I ING  FOR CONDITIONED 
 NDITI NED X QUIBS 
tatic iring lt ge (kilo lt ) 
iti d 
2 
2 
17 
5 
14 
Conditioned 
5 
4 
1 
21 
0 
3 
* oltage i r  in 500 lt steps starting t 1000 t . at  s  
i  table results for individual squibs. 
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3.3 MASSEY-1000  Igniter - Electrostatic  Sensitivity 
The 1 0 0 0  i g n i t e r  i s  a w i r e  b r i d g e ,  p i n  type connector EED ( t h e  
average  p ins- to-case  res i s tance  i s  3 x l o3  megohms) which produces a 
non-exp los ive  ou tpu t  su i t ab le  fo r  rocke t  i gn i t i on .  Only a few of t h e s e  
i g n i t e r s  were on  hand ,  t he re fo re  on ly  an  e l ec t ros t a t i c  test  was run. Ten 
u n c o n d i t i o n e d  i g n i t e r s  d i d  n o t  f i r e  up t o  25 k i l o v o l t s ,  n e i t h e r  d i d  t h e  
cond i t ioned  ign i t e r s .  
One i n t e r e s t i n g  a s p e c t  of t h e  s t a t i c  test w a s  t h a t  t h e  i n i t i a l l y  
measured pins-to-case resistance of t he  cond i t ioned  ign i t e r s  dec reased  
by approximately 65% a f t e r  t h e y  were s u b j e c t e d  t o  t h e  e l e c t r o s t a t i c  p u l s e s .  
This  may be  due  to  the  e f f ec t  of the s t a t i c  p u l s e s  upon t h e  d i e l e c t r i c  
materials ( g l a s s  and p l a s t i c )  i n  t h e  b a s e  of t h e  i g n i t e r .  
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4. EFFECTS OF PIN-TO-PIN  PRETESTS ON VARIOUS  EEDs 
A major  par t  of t h e  e f f o r t  a n  t h i s  p r o j e c t  w a s  devo ted  to  a 
s t u d y  o f  t h e  e f f e c t s  of  p in- to-p in  pre tes t s  (d i scussed  in  Sec t ion  1 .1)  
on t h e  DART squ ib  and  the  TA-700 squib.  Successive increment  puls ing and 
n o - f i r e  p u l s i n g ,  b o t h  d i s c u s s e d  i n  S e c t i o n  2.2,  were used t o  c o n d i t i o n  t h e  
squibs .  The subsequent  changes i n  t h e  normal  va lues  of  cons tan t  cur ren t ,  
func t ion ing  t i m e ,  dynamic res fs tance ,  thermal  t i m e  cons t an t ,  and bridgewire 
power s e n s i t i v i t y  were t aken  to  be  ind ica t ive  o f  t he  deg ree  to  wh ich  a 
g iven  p re t e s t  migh t  a f f ec t  t hese  squ ibs .  Re la t ive ly  l a rge  quan t i t i e s  of 
DART and TA-700 squ ibs  were a v a i l a b l e  so t h a t  o f t e n ,  v a r i a t i o n s  of t h e  
same test were run .  In  the  fo l lowing  sec t ions  the  s tud ie s  on  these  
squibs  are organized according to parameters which w a s  measured such as 
c o n s t a n t  c u r r e n t  s e n s i t i v i t y  o r  t h e r m a l  t i m e  cons tan t .  Details of  the 
var ious techniques used to  measure each parameter  are i n c l u d e d  i n  Appendix B 
4.1 DART Squib 
The DART squib is an aluminum cased  squ ib  wi th  in su la t ed  w i r e  
l eads .  It has  a metal al loy/potassium percholorate  main charge,  an 
intermediate  charge,  and a d ipped  o r  spo t t ed  in i t i a t ion  cha rge  of l ead  
thiocyanate   and  potassium  chlorate .  The de f l ag ra t ing   ou tpu t  of t h e  
squib i s  ra the r  mi ld .  
4.1 .1   Constan t   Cur ren t   Sens i t i v i t y  
Using the Bruceton technique the mean s e n s i t i v i t y  of t h e  DART 
s q u i b  t o  a 10 second constant  current  pulse  w a s  found to  be 1.310 amperes ,  
t he  s t anda rd  dev ia t ion  w a s  .03220 l o g  u n i t s .  The d a t a  s h e e t  and a l l  cal- 
c u l a t i o n s  are shown i n  Appendix C. 
The mean-50 level f o r  t h e  DART squib can be calculated from the 
Bruce ton  da ta  to  be  0.904 amperes f o r  a 10 second pulse  width.  Mter t h e  
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f i r s t  c u r r e n t  level  of M-5a (M=mean) was a p p l i e d ,  t h e  c u r r e n t  w a s  increased  
by f ixed  increments  (AI) of 20 mil l iamperes .  Ten squ ibs  were thus  sub jec t ed  
t o  p u l s e s  of i nc reas ing  cu r ren t  level u n t i l  t h e  s q u i b s  f i r e d .  The resul ts  
of t h i s  tes t  are summarized i n  T a b l e  6. 
Table 6 
RESULTS OF SUCCESSIVE INCREMENT  EST 
ON UART SQUIBS, AI = 20 MILLIAMPERES 
Squib No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
F i   r i n g   L e v e l  
Amperes 
1.78 
1.74 
1.70 
1.84 
1.64 
1.64 
1.68 
1.66 
1.84 
1.74 
Average F i r i n g  C u r r e n t  = 1 .73 amperes 
Mean F i r i n g  C u r r e n t  (From Bruceton Test) = 1 .310 amperes 
The a v e r a g e  f i r i n g  c u r r e n t  i n  t h e  s u c c e s s i v e  i n c r e m e n t  test 
w a s  1.73  amperes.   Since  the mean f i r i n g  c u r r e n t  of unprepulsed DART squ ibs  
as determined by the Bruceton tes t  ( d i s c u s s e d  i n  S e c t i o n  2 . 1 )  i s  1 .31  
amperes we can  conc lude  tha t  t he  sens i t i v i ty  of t he  squ ib  i s  a f f e c t e d  by 
the  p repu l ses  of the successive increment  test. 
A second successive increment test was run on f i v e  DART squ ibs  
using  an  increment of 40 i n s t ead  of 20 mil l iamperes .  The r e s u l t s  of t h i s  
test are summarized i n  T a b l e  7. 
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Tab le  7 
RESULTS OF SUCCESSIVE INCREMENT  EST 
ON DART SQUIBS, AI = 40 MILLIAMPERES 
Squib No. 
1 
2 
3 
4 
5 
F i  r i n g  Level  
Amperes 
1.60 
did  not  f i r e  
1.44 
1.52 
1.68 
Since  one  squ ib  d id  no t  f i r e  ( the  cu r ren t  level of t h e  f i r i n g  
pu l se  w a s  i n c r e a s e d  t o  t h e  M+5a l e v e l  a f t e r  which f u r t h e r  p u l s i n g  was 
stopped) no a v e r a g e  f i r i n g  c u r r e n t  i s  given. We n o t e ,  however, t h a t  none 
of t h e  f i v e  s q u i b s  f i r e d  a t  the normal mean f i r i n g  l e v e l  of 1.310 amperes. 
We conclude from these tests t h a t  t h e  DART squib  can  be  desens i t ized  by 
t h e   a p p l i c a t i o n  of success ive ly   i nc reas ing   cons t an t   cu r ren t   pu l se s .  Of 
course ,  as we have mentioned previously this  test  is most severe and does 
n o t  n e c e s s a r i l y  mean tha t  any  p in- to-p in  pre tes t  w i l l  change the normal 
c o n s t a n t  c u r r e n t  s e n s i t i v i t y .  
I n  o r d e r  t o  see i f  t h e r e  w a s  any e f f e c t  on s e n s i t i v i t y  due t o  
t h e  p r e t e s t  which our survey showed t o  b e  most severe - t h e  n o - f i r e  test - 
we subjec ted  2 2  DART squ ibs  to  the  ca l cu la t ed  no - f i r e  cu r ren t  fo r  a per iod 
of 72 hours .  Af te r  the  squibs  were s u b j e c t e d  t o  t h i s  c u r r e n t  level,  which 
w a s  c a l c u l a t e d  t o  b e  0.905 a m p e r e s ,  t h e i r  s e n s i t i v i t y  t o  10-second pu l ses  
of cons t an t  cu r ren t  w a s  determined with a Bruceton test. The mean w a s  
found to  be  1 .328  amperes  and  the  s tandard  devia t ion  in  log  uni t s  w a s  
0.007. When t h e s e  v a l u e s  are compared t o  t h e  normal mean of 1.310  amperes 
and  s tandard  devia t ion  of  0 .0322 log  uni t s  w e  n o t e  what  appears  to  be  a 
s i g n i f i c a n t  d i f f e r e n c e  o n l y  i n  the  s t anda rd  dev ia t ions .  S ince  the re  w a s  
no great  change i n  t h e  mean s e n s i t i v i t y  and time did  not  permi t  the  comple te  
evaluat ior i  of  apparent  effect  on s t anda rd  dev ia t ion ,  no  fu r the r  tests were 
run. 
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4.1.2 Func t ion ing  Time 
During the successive increment prepulsing test the  func t ioning  
t i m e  of t h e  DART squibs  w a s  monitored. The func t ion ing  times are l i s t e d  
i n  T a b l e  8. The normal  funct ioning t i m e  f rom the  cont ro l  Bruce ton  test  
is  a lso  g iven .  
Table 8 
FUNCTIONING  TIMES OF  DART SQUIBS USED 
I N  SUCCESSIVE INCREMENT TEST,AI = 20 MILLIAMPERES 
Squib No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Func t ion ing  Time 
Seconds 
7.71 
8.51 
7.51 
9.09 
6.79 
6.14 
9.68 
7.66 
8.17 
7.97 
Average Functioning Time = 7.92  seconds 
Average  Functioning  Time from Bruceton Test = .0391  seconds 
We n o t e  w i t h  i n t e r e s t  t h a t  t h e  a p p l i c a t i o n  o f  s u c c e s s i v e l y  i n -  
cremented pulses causes the normal functioning time to  be  lengthened  by 
two o rde r s  of  magnitude.  This means the squib has  been severely degraded 
a n d  t h e  m a r g i n  o f  r e l i a b i l i t y  o f  f i r i n g  w i t h  a g iven  e l ec t r i ca l  s t imulus  
w i l l  be  cu r t a i l ed .  One should   no te ,   however ,   tha t   the   success ive ly   in -  
cremented pulse test  i s  spec i f ica l ly  des igned  to  promote  degrada t ion  if 
t h e r e  i s  a tendency i n  t h i s  d i r e c t i o n .  
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   this direction. 
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Table 9 lists the  func t ioning  times of unconditioned DART 
squ ibs  and a l s o  DART squibs which were condi t ioned a t  the  no - f i r e  level 
(m-5a) and a s l i g h t l y  h i g h e r  level of m-4u. Both  groups were f i r e d  a t  
t h e  m+50 level s i n c e  t h i s  level r ep resen t s  a realist ic f i r i n g  p u l s e  ( s e e  
Section 2.1.1).  
Table 9 
FUNCTIONING TIMES OF CONDITIONED AND UNCONDITIONED 
SQUIBS FIRED AT  HE  MEAN+5a CURRENT LEVEL 
Func t ion ing  Time (mil-l i s e c . )  
Condit ioned  Squibs  Uncondit ioned  Squibs 
mean - 50 mean -4a 
13.73 
18.84 
25.93 
27.72 
18.52 
15.31 
17.75 
16.79 
19.12 
27.88 
Avg.=20.16 
32.91 
23.27 
29.55 
29.59 
17.54 
22.69 
15.96 
25.77 
15.49 
22.24 
Avg=23.50 
20.37 
27.45 
25.34 
21.60 
29.74 
24.03 
22.45 
18.26 
20.66 
19.11 
Avg=22.90 
A s  i n  t h e  case of  the DART pulsed a t  t h e  mean-50 l e v e l ,  t h e  
DART pulsed a t  mean-40 level showed  no s ign i f i can t  change  in  the  func t ion ing  
t i m e .  A possible  conclusion which w e  might  draw from these resul ts  i s  
tha t  t he  l eng then ing  of t h e  f u n c t i o n i n g  time seen  as a r e s u l t  of t he  
successive increment  test i s  due to  pu l ses  above  the  mean-50 o r  mean-4u 
leve ls .  Apparent ly ,  the  mechanism  which  causes  the DART squ ib ' s  func t ion ing  
t i m e  to  be  lengthened  requi res  h igher  tempera tures  than  those  suppl ied  by  
t h e s e  p u l s e  l e v e l s .  
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Table 10 
DYNAMIC RESISTANCE MEASUREMENTS OF 
CONDITIONED AND UNCONDITIONED DART SQUIBS 
Curren t  
(amps ) Condi t ioned  U condi t ioned 1 
Dynamic Resistance  (ohms/sec . ) 
7.14 9.76 
3.2 6.59 
11.7 7.80 
6.80 
Avq. = 9.41 Avg.=  7.17 
48.8 
Avs.  =32.3 Avg. =48.8 
27.9  50.1 
35.1 47.6 5.5 
33.8 
136.3 136.7 
8.5 138.3 122.5 
117.5 117.6 
Avg.130.7 Ava.  =125.6 
- 
4.1.3  Dynamic Resistance 
The dynamic r e s i s t a n c e  of uncondi t ioned,  new DART squibs  w a s  
measured a t  c u r r e n t s  of 3 . 2 ,  5.5,  and 8.5 amperes using the technique 
d e s c r i b e d  i n  Appendix B. A q u a n t i t y  of DART squibs  w a s  then pulsed with 
10 second,  cons tan t  cur ren t  accord ing  to  the  success ive  increment  technique .  
A d i f f e r e n c e  i n  p u l s e  levels of 20  mil l iamperes  w a s  used and the puls ing 
w a s  stopped when the  cu r ren t  level reached 1.60 amperes. The l e v e l  of 
1 . 6 0  amperes was judged by tests d i scussed  in  Sec t ion  4 .1 .1  to  be  the  
h i g h e s t  c u r r e n t  which the  DART s q u i b  c o u l d  b e a r  w i t h o u t  a c t u a l l y  f i r i n g .  
The dynamic r e s i s t a n c e  of the  condi t ioned  squibs  was measured 
a t  3 . 2 ,  5.5, and 8.5 amperes  and  compared with the uncondi t ioned squibs .  
The dynamic resis tances  of  the both groups of  DART squibs  are l i s t e d  i n  
Table 10 and p l o t t e d  i n  F i g u r e  5. There  appears  to  be  no s i g n i f i c a n t  
change i n  t h e  dynamic r e s i s t a n c e  c h a r a c t e r i s t i c s  of t h e  DART squib due 
to  the successive increment  pulses  which were appl ied .  
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4.1.4 Thermal Time Constant 
The thermal  t ime constants  of a q u a n t i t y  of new, unconditioned 
DART squibs  were determined using the technique descr ibed in  Appendix B.  
Another  quant i ty  of t hese  squ ibs  w a s  sub jec t ed  to  10  second ,  cons t an t  
current  successively  increm'ented  pulses.  The pu l ses  were s t a r t e d  a t  t h e  
m-50 level and i n c r e a s e d  i n  20 m i l l i a m p e r e  s t e p s  u n t i l  a level of 1.60 
amperes was reached. The test was stopped a t  1 . 6 0  f o r  t h e  same reason  
men t ioned  in  the  p rev ious  sec t ion  and the  thermal  time cons tan t s  of t h e  
pulsed squibs  were determined. 
Table 11 l is ts  the thermal  time cons tan t s  of t he  pu l sed  and 
unpulsed DART squibs .  We no te  tha t  t he  ave rage  the rma l  time cons tan t  
of the  condi t ioned  squibs  i s  s l i g h t l y  l o n g e r  t h a n  t h a t  of the  uncondi t ioned  
squibs .  Changes i n  t h e  h e a t  t r a n s f e r  p a r a m e t e r s  a t  the  br idgewire-explosive 
interface have probably caused this  change.  
4 .1 .5  Bridgewire Power Sens i t iv i ty  
Using the technique descr ibed in  Appendix B f i v e  DART squibs  
were measured to   de te rmine   the   b r idgewier  power s e n s i t i v i t y .  The same 
f i v e  s q u i b s  were then  subjec ted  to  success ive  increment  tests us ing  an  
increment of 40 mill iamperes .  The prepuls ing  was stopped a t  t h e  mean 
s e n s i t i v i t y  s i n c e  h i g h e r  p u l s e  l e v e l s  m i g h t  h a v e  f i r e d  t h e  s q u i b s .  The 
br idgewire  power s e n s i t i v i t y  w a s  again  measured. The r e s u l t s  o f  t h e s e  
measurements are shown in  Tab le  12 .  
I n  g e n e r a l  t h e  p r e p u l s e d  DART squ ib  shows a s l i g h t  d e c r e a s e  i n  
br ldgewire  power s e n s i t i v i t y .  I f  t h e  t r e n d  i s  real i t  would i n d i c a t e  
d e s e n s i t i z a t i o n  of the  squib  s ince  prev ious  s tud ies2  have  shown t h a t  w i t h  
c o n s t a n t   c u r r e n t   t h e   f i r i n g   l e v e l  = k - + k where k and  k2 are 
cons t an t s  and R AR/AP i s  the   b r idgewire  power s e n s i t h i t y .  It is obvious 
t h a t  i f  t h i s  r e l a t i o n s h i p  h o l d s  t r u e  f o r  EEDs d e s e n s i t i z e d  by some form 
lLo g) 1 
0 
Under Army Contract  No. DA-36-034-501-ORD-3115RF fo r  P ica t inny  Arsena l .  
Repor ted  in  FIRL r e p o r t s  MU-A2357-10 through 4 3 .  
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Table 11 
THERMAL TIME CONSTANTS  OF  CONDITIONED 
AND UNCONDITIONLD  DART SQUIBS 
Thermal  Time  Constant ( m i  1 1 i seconds) 
Condi ti oned Uncondi t ioned 
10.6 
10.0 
10.7 
10.9 
10.9 
12.1 
11.7 
8.6 
a. 7 
9.3 
8.5 
8.4 
10.6 
10.6 
11.3  9.5 
13.7  8.8 
12.6  9.4 
Avg.= l l .5  Avg . =9.27 
Squi h 
No. 
Table  12 
COMPARISON OF BRIDGEWIRE POWER S E N S I T I V I T I E S  
OF  DART SQUIBS BEFORE AND AFTER PREPULSING 
Br idge  Power Sens i t i v i t y (0hrns  /wat t )  
Cond i t ioned Uncondi t i  oned 
2 
" 
F i r e d  a t  Mean 
.0184 
.0087 
.0215 
.0115 
,0158 
.0212 
.0204 
.0173 
.0185 
Avg. = .0150 Avg. = .0186 
31 
I. 
ib 
1 
2 
3 
4 
5 
l 11 
 TA TS OF CONDITIONED 
IONW DART  
r l Time Constant illiseco
itio  
  
 8
.7  
  
  
 
   
1  9.5 
8.8 
 9.4 
11.5 g.
12 
    I I  
DART I    I  
 iti o m /watt) 
i d ndit o  
. 
i d r~ .
  
 
of  precondi t ioning (static, h e a t , d i e l e c t r i c  tests, cont inui ty  checks ,  etc.)  
then  the  measurement of bridgewire power s e n s i t i v i t y  may be a ve ry  use fu l  
t o o l  f o r  a s s e s s i n g  a n y  p o s s i b l e  d e g r a d a t i o n .  
4.2 TA-700 Squib 
The TA-700 squib  i s  a wire lead  EED w i t h  a de f l ag ra t ing  ou tpu t .  
Various delay times ranging from 0.1 seconds to  1 .0  seconds are a v a i l a b l e .  
The squibs which we have used i n   t h i s  test series have a 0.3 second delay 
time. The squib  has  an  ign i t ion  spot  of  po tass ium chlora te  and  LMNR ( lead  
mononitroresorcinate)   and  binders .  The spot  I s  suspended  solely by t h e  
br idgewire  b inding  pos ts  and does  not  touch  the  sur rounding  fe r ru le  nor  
the  de l ay  column i g n i t e r .  T h i s  u n i q u e  f e a t u r e  may be  the  cause  of  the  
s q u i b s  a p p a r e n t  s e n s i t i v i t y  t o  c e r t a i n  p r e t e s t s .  
4.2.1 C o n s t a n t   C u r r e n t   S e n s i t i v i t y  
Using the Bruceton technique,  the mean s e n s i t i v i t y  of t h e  TA-700 
s q u i b  l o t  TA7-77-02 t o  1 0  second cons tan t  cur ren t  pu lse  was found to  be 
251.4 mill iamperes with a s t anda rd  dev ia t ion  o f  0.01137 log mil l iamperes .  
The d a t a  s h e e t  and a l l  c a l c u l a t i o n s  f o r  t h i s  tes t  are i n  Appendix C. 
A s  i n  t h e  case of  the  DART squ ib ,  t he  TA-700 squibs  were sub- 
j e c t e d  t o  s u c c e s s i v e l y  i n c r e a s i n g  c o n s t a n t  c u r r e n t  p u l s e s  of 10 seconds 
d u r a t i o n  t o  g a i n  a rough idea  of  the  suscept ib i l i ty  of  th i s  EED t o  p r e t e s t s .  
We used current increments of A I  = 1 milliampere, 5 mill iamperes,  and 
10  mi l l i amperes  s t a r t i ng  a t  the  M-5o level  of 220.5 milliamperes and 
c o n t i n u i n g  t o  t h e  M+5a level of  286.5  milliamperes. Ten out  of  ten  squibs  
prepulsed with A I  = 1 m i l l i a m p e r e  d i d  n o t  f i r e  a t  the  M+5a levkd. Five 
out  of  f ive  squibs  prepulsed  wi th  A I  = 5 mi l l iamperes  and  f ive  out  of  f ive  
prepulsed with A I  = 1 0  m i l l i a m p e r e s  a l s o  d i d  n o t  f i r e  when t a k e n  t o  t h e  
M+50 c u r r e n t  l e v e l .  A d e f i n i t e  a l t e r a t i o n  i n  f i r i n g  s e n s i t i v i t y  h a s  
thus  occur red  due  to  the  p repu l ses .  It should  be  s t ressed  here  tha t  the  
s e v e r i t y  of the  e f fec t  has  not  been  prec ise ly  def ined .  For  the  TA-700 
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squ ib  the  number of prepulse levels between the M+50 levels w a s  67 f o r  
A I  = 1 m a ,  1 3  f o r  A I  = 5 ma ,  and 7 f o r  A I  = 10  ma .  I n  t h e  case of  the 
DART s q u i b  t h e r e  were 50 levels f o r  A I  = 20 m a  and 25 levels f o r  A I  = 40 m a .  
The f a c t  t h a t  7 prepulses  caused desensi t izat ion of  the delay squib a t  
the  M+50 level whi le  50  prepulses  d id  not  a lways  cause  desens i t iza t ion  of 
t h e  DART squib  a t  t h e  same level is t h e  b a s i s  f o r  o u r  relative comparison 
of t h e  p r e p u l s e  e f f e c t .  
I n  o r d e r  t o  f i n d  o u r  i f  t h e  TA-700 squibs  had been great ly  
d e s e n s i t i z e d  by the  p repu l ses  ( they  would n o t  f i r e  a t  t h e  M+50 level 
which is  approximate ly  equiva len t  to  the  99.9% f i r i n g  l e v e l  w i t h  90% 
Conf idence)  f ive  of - the  prepulsed  squibs  were pulsed  with 1 .0  ampere. All 
f i v e  s q u i b s  f i r e d  w i t h  t h e i r  a v e r a g e  f u n c t i o n i n g  t i m e  being about 0.3 seconds 
( t h e  b u i l t - i n  d e l a y  t i m e ) .  
S ince  the  TA-700 squib  seemed t o  b e  r a d i c a l l y  a f f e c t e d  by t h e  
success ive  inc remen t  pu l se s ,  fu r the r  tests were performed using a less 
severe form of conditioning  st imulus.   Groups of  25 squibs  were subjec ted  
t o  t h e  c a l c u l a t e d  "50 cur ren t  leve l  of  220 .5  mi l l iamperes  for  per iods  of  
time ranging from 1 t o  72 hours .  Af te r  the  condi t ion ing  of  each  group 
t h e  10 s e c o n d ,  c o n s t a n t  c u r r e n t  s e n s i t i v i t y  w a s  determined by the Bruceton 
technique.  This  test series was performed on two d i f f e r e n t  l o t s  o f  t h e  
TA-700 squibs .  The test r e s u l t s  are t abu la t ed  in  Tab le  13 and p l o t t e d  i n  
F igure  6. 
F igure  6 c l e a r l y  shows t h a t  t h e  a p p l i c a t i o n  of t h e  n o - f i r e  c u r r e n t  
fo r  even  1 hour causes a d e c r e a s e  i n  t h e  c o n s t a n t  c u r r e n t  f i r i n g  s e n s i t i v i t y  
of t h e  TA-700 squib.  This  decrease i s  approximately the same f o r  b o t h  l o t s  
of squ ibs  even  though  the  no rma l  sens i t i v i ty  o f  each  lo t  i s  s l i g h t l y  d i f f e r -  
e n t .  The s t anda rd  dev ia t ions  are n o t  g r e a t l y  a l t e r e d  by the  cond i t ion ing  
cu r ren t s .  Af t e r  t he  comple t ion  o f  t h i s  tes t  series no a d d i t i o n a l  TA-700 
squibs  were a v a i l a b l e  f o r  c o n d i t i o n i n g  tests us ing  t i m e  i n t e r v a l s  s h o r t e r  
t han  1 hour. It is  reasonable   to   assume,   however ,   that   shorter   condi t ioning 
times would  have some e f f e c t  upon t h e  f i r i n g  s e n s i t i v i t y .  I n  l o t  TA7-77-01 
, 
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from    Af er the conditioning of each group 
  ond, consta t current sensitivity   Bruceton 
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0  in Table  ted in 
 
the application  no-fire current 
even  causes  ease i  the constant current firing sensitivity 
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a condi t ion ing  time of 1 hour  r a i sed  the  mean f i r i n g  c u r r e n t  from 240 t o  283 
mil l iamperes .  A l e s so r  cond i t ion ing  time would probably  p lace  the  mean 
f i r i n g  c u r r e n t  between these levels. 
Tab le  13  
MEAN FIRING SENSITIVITIES OF TA-700 SQUIBS 
CONDITIONED FOR VARIOUS  TIMES AT THE M-50 LEVEL 
Condi t ioning 
Time 
(hours.) 
0 
1 
- - . " : .~ "" . i . . 
17 
24 
72 
I I  
Lot TA7-77-02 
""- 
311.7 
-std-jjeV." 
('1 og units) 
.0109 
.01311 
.0152 
.0122 
""- 
.0113 
Lot TA7-77-01 
- 
Mean S e n s i t i v i t y  
(ma) 
251.4 
""- 
287.0 
""- 
308.5 
318.2 
Std-Dev. 
( l o g  u n i t s )  
.0114 ""_ 
.0057 
""_ 
* o.l.17 
-0055 
4.2.2  Funct ioning Time 
During the test series i n  which the two l o t s  of TA-700 squibs  
were s u b j e c t e d  t o  t h e  n o - f i r e  c u r r e n t  level f o r  v a r y i n g  l e n g t h s  of time 
the  func t ioning  times of the squibs when f i r e d  i n  t h e  B r u c e t o n  tests were 
recorded. The average  values   of   these  funct ioning times for   each   condi t ion ing  
t i m e  are t a b u l a t e d  i n  T a b l e  1 4  and p l o t t e d  i n  F i g u r e  7 .  
It is  obv ious  tha t  t he  func t ion ing  time is  increased  by t h e  
condi t ion ing  cur ren t  even  af te r  a period of 1 hour.  For  comparison a 
small group of TA-700 squ ibs  f rom lo t  TA7-77-02 w a s  s u b j e c t e d  t o  a series 
of success ive  increment  prepulses  in  the  manner d i scussed  in  Sec t ion  4 .2 .1  
using a A I  of 10 mill iamperes.  These squibs were t h e n  f i r e d  i n  a Bruceton 
test. The average funct ioning time of  the  items which f i r e d  w a s  2.234 
seconds.   This  value i s  about twice as long as the  longes t  t i m e  shown i n  
35 
  r raised the cu rent 240   
 conditioning l  place the 
cu rent en these 
le 13 
   
I TIMES  cr  
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  s fro lot -77-02  ted to  
 increment prepulses in the sed in Section 4.2.1 
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Table 14 
AVERAGE FUNCTIONING  TIMES OF TA-700 
SQUIBS CONDITIONED  WITH THE M-50 CURRENT 
Condit ioning  Avera e  Functioning  Time  (ms)
Time 
(hours)  L o t  TA7-77-01 L o t  TA7-77-02 
0 
1 
5 
17 
24 
72 
Table 1 4  
t h a t   t h e  
349. 
703. 
835. 
777. 
"" 
1037 
41 4. 
"" 
815. 
"" 
811. 
920. 
f o r  t h e  72 hour   cond i t ion ing   pe r iod .   Bes ides   i nd ica t ing   fu r the r  
func t ion ing  t i m e  of t h i s  s q u i b  i s  r a d i c a l l y  a l t e r e d  by t h e  
a p p l i c a t i o n  of p r e p u l s e s ,  t h e  s e v e r i t y  of the successive increment  t es t  
is w e l l  i l l u s t r a t e d  by t h e s e  r e s u l t s .  
I n c i d e n t l y ,  t h e  mean f i r i n g  c u r r e n t  f o r  t h e  TA-700 squibs sub- 
j ec t ed  to  the  success ive ly  inc remen ted  p repu l ses  w a s  322 mil l iamperes  - 
about  the same mean as the squibs  which were cond i t ioned  fo r  72 hours a t  
the  M-5a level. 
4.2.3  Dynamic Resistance 
The dynamic r e s i s t a n c e  of unconditioned, new  TA-700 squibs  w a s  
measured a t  cur ren ts  of  0.8, 1.47, 3.50  and  7.55  amperes. A q u a n t i t y  of 
TA-700 squibs  w a s  then  pulsed  wi th  10 second,  cons tan t  cur ren t  pu lses  
according t o  the  p l an  desc r ibed  in  Sec t ion  4.2.1 A A I  of 10 mil l iamperes  
w a s  used. 
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  trated  results. 
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t the squibs which tioned for 
 cr 
. .3 Dynamic  
  TA-700   
 of , . ,  and 7.55 amperes.   
00   pulsed with  d, constant current pulses 
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Table  15 
I n p u t  
Cur ren t  
(amps 1 
DYNAMIC RESISTANCE OF CONDITIONED 
AND UNCONDITIONED TA-700 SQUIBS 
Dynamic Resistance  (ohms/sec) 
Condi t ioned  Uncondi t ioned 
0.80 
1.47 
3.50 
7.55 
39.7 
1 30 
71 7 
2670 
42.3 
161 
807 
2500 
The dynamic r e s i s t a n c e  of the  condi t ioned  squibs  w a s  a l s o  
measured a t  c u r r e n t  l e v e l s  of 0.8, 1.47,  3.50,  and  7.55  amperes  and com- 
pared  with  the  uncondi t ioned  squibs .  The dynamic r e s i s t a n c e s  of  both ' 
groups of TA-700 squibs  are l i s t e d  i n  T a b l e  1 5  and p l o t t e d  i n ' F i g u r e  8. 
There i s  no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  dynamic r e s i s t a n c e  of t he  two 
groups of squibs .  
4.2.4 Thermal Time Constant 
The thermal  t i m e  c o n s t a n t s  f o r  a quan t i ty  of  new, unconditioned 
TA-700 squibs  were determined using the technique descr ibed in  Appendix 
B. Another   quant i ty  of the   squibs  w a s  s u b j e c t e d  t o  10 second,   constant  
cur ren t  success ive  increment  pulses  s ta r t ing  a t  t h e  mean-5a level and 
i n c r e a s i n g  i n  10 m i l l i a m p e r e  s t e p s  u n t i l  t h e  mean+5o l e v e l  w a s  reached. 
The thermal  time cons tan t s  of the  pulsed  squibs  were also determined.  
Table 16  l ists  the  thermal  t i m e  constants  of  the pulsed and 
unpulsed  squibs.  The s l i g h t  d i f f e r e n c e  between  the  average  thermal time 
cons tan t  of the pulsed group and the unpulsed group is  of l i t t l e  s t a t i s t i ca l  
o r ,  much less, p r a c t i c a l  s i g n i f i c a n c e .  
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Table 16 
THERMAL TIME CONSTANTS OF CONDITIONED AND UNCONDITIONED TA-700 SQUIBS 
Thermal  Time  Constant ( m i  11 i sec,. ) 
Condit ioned  Uncondi t ioned 
9.4  9.4 
12.0 13.7 
10.7  9.3 
10.7 7.0 
10.3  10.3 
12.0  10.1 
12.7  7.5 
12.7 8.3 
10.3  15.3 
13.3 9.7 
Avg. = 11.4 Avg.=  10.1 
4.2.5 B r idgew i re  Power Sensi t i v i  ty 
Using  the  technique  described  in  Appendix B the  bridgewire  power 
sensitivities  of  ten  TA-700  squibs  were  measured.  Maximum  measuring  current 
was  limited  to  about  75  milliamperes.  The  initial  resistance  and  bridge- 
wire  power  sensitivities  are  listed  in  Table  17.  Note  the  rather  high 
power  sensitivity  value  for  squib #6. According to  the  relatdonship  dis- 
cussed  in  Section  4.1.5  this  squib  should  be  more  sensitive  than  the 
others. 
After  measuring  the  ten  squibs  each  was  then  prepulsed  with 
10 second,  constant  current  pulses  startint  at 220 milliamperes  and 
increasing  in 10 milliampere  steps  until 300 mi-liamperes  was  reached. 
300 milliamperes  is  well  past  the  M+50  level.  After  the  final.  pulse  was 
applied,  the  bridgewire  resistance  and  power  sensitivity  were  again  measured. 
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.  9.4 
.  .  
.  9.3 
.  .  
.  10.3 
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.  .  
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.  .  
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. .5 ri ewire r iti it  
si  the technique described in Appendix  the bridgewire power 
iti ities of ten TA-700 squibs ~vere measured. Haximum measuring curre t 
as limited to about 75 milliamperes. The initial resistance and bridge-
ir  power sensitivities are listed in Table 17. Note the rather high 
r sensitivity value for squib . c r i  to the relationship dis-
c e  in Section 4.1.5 this squib should be more sensitive than the 
t r . 
ft measuring the ten squibs each was then prepulsed with 
10 secon  constant current pulses startint at 20 i liam  and 
increasing in 10 i liam e steps until 0 i iam  was reached. 
 i liam is wel  past he M+So level. After the final pulse was 
a ed  the bridgewire resistance and power s nsitivity were again measured. 
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Table 7 
I tem 
# 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Avg 
RESISTANCE AND BRIDGWIRE POWER S E N S I T I V I T Y  OF 
TA-700  DELAY  SQUIBS BEFORE  AND  AFTER  CONDITIONING 
Uncondi t ioned 
RO 
Ro AR/AP 
n 
Condi ti oned 
R o  
Ro A R / A P  
n 
(ohms) (ohmsL/watt) (ohms) (ohmsLlwatt) 
2.294 
2.175 
2.134 
2.421 
2.270 
2.346 
2.118 
2.330 
2.232 
2.186 
1.831 
1.624 
1.347 
1.769 
1.793 
3.773 
1.462 
1.741 
1.500 
1.583 
2.368  3.015 
2.224  2.015 
2.155  1.956 
2.506  2.760 
2.313 2-21 5 
Squ ib  F i red  
2.171 2.510 
2.415  2.700 
2.309 2.470 
2.232  2.353 
2.251 1.627*  2.299  2.443 
*Squib #6 r e a d i n g  n o t  i n c l u d e d  i n  t h i s  average. 
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The r e s u l t s  o f  t h e s e  measurements are a l s o  shown in  Table  17 .  
Note t h a t  s q u i b  116 which showed a r a the r  h igh  b r idgewi re  power s e n s i t i v i t y  
d i d  i n d e e d  f i r e .  In f a c t ,  i t  f i r e d  a t  t h e  f i r s t  p r e p u l s e  level which i s  
220 mill iamperes .  The l e v e l  i s  2 mil l iamperes  lower  than  the  0 .1% f i r ing  
p r o b a b i l i t y  l e v e l  w i t h  90% confidence.  We would expect such an occurre.nce 
t o  b e  rare; however i t  serves to  poin t  ou t  the  caut ion  which  must  be  taken  
when using an EED o f  h i g h  s e n s i t i v i t y .  The p r a c t i c a l  u s e f u l n e s s  of a 
non-des t ruc t ive  sens i t i v i ty  t echn ique  i s  apparant  f rom this  occurrence.  
I n  a d d i t i o n  t o  t h e  f i r i n g  o f  s q u i b  #6 t h e r e  are two a d d i t i o n a l  
p o i n t s  of interest i n  t h i s  s t u d y .  One i s  t h a t  t h e  b r i d g e w i r e  r e s i s t a n c e  
has  increased  by an average of  2% d u e  t o  t h e  p r e p u l s i n g .  The o the r  i s  
that  the measured average br idgewire  power s e n s i t i v i t y  h a s  i n c r e a s e d  by 
50%. Since ,  w e  ment ioned  previously  that  
Constant Current Firing Level = k 1 
and w e  have found the TA-700 s q u i b s  t o  b e  d e s e n s i t i z e d  by p repu l ses ,  t he re  
seems t o  b e  c o n f l i c t i n g  e v i d e n c e .  
The f a i l u r e  of t h e  power s e n s i t i v i t y  t e c h n i q u e  t o  c o r r e l a t e  w i t h  
a known d e c r e a s e  i n  f i r i n g  s e n s i t i v i t y  d u e  t o  p r e p u l s i n g  p o i n t s  o u t ,  i n  
t h i s  case, t h a t  t h e  c o r r e l a t i o n  g i v e n  i n  t h e  a b o v e  e q u a t i o n  i s  no t  a l l  
inc lus ive .  Apparent ly  the  fac tors  which  have  caused  the  squib  to  be  
desens i t ized  have  not  re f . lec ted  themselves  in  the  power s e n s i t i v i t y  r e a d i n g s .  
The f a c t  t h a t  t h e  s p o t  c h a r g e  i n  t h e  TA-700 is  surrounded by a i r  may 
a f f e c t  t h e  r e l a t i o n s h i p .  
The i n c r e a s e  i n  r e s i s t a n c e  i s  no t  so  eas i ly  exp la ined .  The 
seemingly small 2% change is s i g n i f i c a n t  s i n c e  t h e  e r r o r  i n  o u r  m e a s u r i n g  
equipment i s  about 1/4%. The squibs  which  underwent  the  change  (all  of  which 
were prepulsed)  were remeasured a t  several 24 h o u r  i n t e r v a l s  and found t o  
b e  t h e  same so  t h a t  t h e  change is a permanent one. 
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To f u r t h e r  c l a r i f y  t h e  n a t u r e  o f  t h e  b r i d g e w i r e  power s e n s i t i v i t y  
and resistance increases due t o  p repu l ses  10 a d d i t i o n a l  TA-700 squibs  
were p repu l sed  acco rd ing  to  the  scheme d i scussed  in  Sec t ion  4.2.1. After 
each pulse,  however,  the bridgewire resistance and power s e n s i t i v i t y  were 
measured.  These  readings,   averaged  for  the  ten  squibs a t  each  prepulse  
level,  are p l o t t e d  i n  F i g u r e  9. 
The b r i d g e w i r e  r e s i s t a n c e  a p p e a r s  t o  i n c r e a s e  s h a r p l y  a f t e r  t h e  
f i r s t  c u r r e n t  p u l s e  of  220 mi l l iamperes .  Thereaf te r  there  w a s  a gradual  
hcrease  u n t i l  290 milliamperes  where i t  aga in  increased  sharp ly .  The 
sha rp  inc rease  of r e s i s t a n c e  a t  the  h ighes t  cu r ren t  pu l se  sugges t s  t ha t  
hea t ing  of the bridgewire and subsequent annealing may cause  the  r e s i s t ance  
change. 
The br idgewire  power s e n s i t i v i t y  r e m a i n s  f a i r l y  c o n s t a n t  a f t e r  
t h e  f i r s t  o r  second prepulse  but  begins  to  increase a t  the  270 mil l iampers  
leve l .   Perhaps   the   b r idgewire   t empera ture  a t  t h i s  level is such   tha t   the  
LMNR o r  t h e  p o t a s s i u m  c h l o r a t e  i n  t h e  i g n i t i o n  s p o t  u n d e r g o  a l l o t r o p i c  
or chemical changes.  
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red. Th se readings, averaged for the ten squibs prepulse 
in Figure 
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 increase  highest current pulse suggests that 
  bridgewire and subs quent n ealing e the re istance 
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l. Perhaps the bridgewire temperature      that the 
the potassium chlorate in the ig iti n spot undergo allotropic 
chemical changes. 
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5. SUMMARY A N D  CONCLUSIONS 
During t h i s  p r o j e c t  two major tasks have been accomplished: 
(1) Current ly  used  pre tes t ing  prac t ices  have  been  surveyed  wi th  a 
ques t ionna i r e ,  (2)  us ing  the  survey  as a g u i d e  a c t u a l  tests have  been. 
performed on various EEDs t o  d e t e r m i n e  i f  t h e  EEDs were s u s c e p t i b l e  in 
any way t o  p r e t e s t s .  S p e c i f i c  tests were performed on the FOX, COMMAND, 
DART, and TA-700 squ ibs  and t h e  MASSEY-1000 i g n i t e r .  The combination  of 
t he  ques t ionna i r e  answers  and  the  r e su l t s  o f  t he  expe r imen ta l  s tud ie s  have  
y i e lded  results which are of both a p a r t i c u l a r  and a gene ra l  na tu re .  
The p re t e s t  ques t ionna i r e  has  g iven  a good i n s i g h t  t o  t h e  
c u r r e n t l y  u s e d  p r e t e s t  p r a c t i c e s  employed by both users and manufacturers.  
Res is tance  and cont inui ty   checks ,   no- f i re   o r  "one-amp, one-watt" tests,  
v o l t a g e  breakdown o r  d i e l e c t r i c  s t r e n g t h  tests and e l e c t r o s t a t i c  tests 
are performed by p r a c t i c a l l y  a l l  u s e r s  and manufacturers who r e p l i e d  t o  
t he   ques t ionna i r e .  The most severe pin-to-pin t es t  in   ou r   op in ion ,  i s  
the  no - f i r e  test ,  s i n c e  i t  may r e su l t  i n  ha rmfu l  b r idgewi re  t empera tu res , .  
Much experimentat ion w a s  therefore  conducted on t h e  e f f e c t s  of the no- f i r e  
tes t  on EED f i r ing  pa rame te r s .  In  the  realm of  bridge-to-case and. bridge- 
t o -b r idge  type  t e s t s  w e  have seen l i t t l e   o r  no  ev idence  tha t  e i ther  t h e  
e l e c t r o s t a t i c  o r  t h e  d i e l e c t r i c  s t r e n g t h  tests causes changes i n  the  
f i r i n g  c h a r a c t e r i s t i c s  of t y p i c a l  EEDs. 
More s p e c i f i c a l l y ,  t h e  h i g h l i g h t s  of t he  expe r imen ta l  s tud ie s  
are as fol lows:  
500 VoZt "Megger" T e s t  
An exaggerated vers ion of t h e  500 v o l t  "Megger" test which i s  
a c t u a l l y  a v o l t a g e  breakdown test w a s  a p p l i e d  t o  COMMAND squ ibs ,  FOX squibs  
and 1000 i g n i t e r s .  The condi t ioned EEDs were t h e n  t e s t e d  t o  see i f  changes  
had  occurred in   cer ta in   se lec ted   per formance   parameters .  No s i g n i f i c a n t  
a l te ra t ions  in  the  normal  per formance  parameters  were de tec t ed  as a resul-t  
of t he  vo l t age  breakdown p r e t e s t .  Even t h e  e l e c t r o s t a t i c  s e n s i t i v i t y ,  
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project tasks hav  been accomplished: 
) tl  used pr testing practices have been surveyed with  
ti ir , ( ) i  the survey   ide actual t t   b en' 
rfor ed on various s t  deter i  if the s r  ti le i  
 a  t  pretests. Specific t t  r  rfor ed on the , , 
  i s  SSEY-IOOO  of 
t  questionnaire answers and the re ults of the experimental studies have 
i l  lt  i   f t   ti l    l nature. 
 questio naire has given  i ight to the 
tl  use  pretest practices l    users and manufacturers. 
istance  checks, no-fire or p, tt" t , 
t   r dielectric strength     
re f r   l  ll rs d manufacturers  i  o 
t  questio naire.  t r  -pin  i our opinion, s 
t  no-fire test> i ce   in harmful bridgewire temperatureR ,. 
c  ri t ti  s t conducted  t e effects t  
t   parameters. In the  bridge-to-case  
t - ridge type te ts e ave s en ittle  o evide  that either t e 
or the dielectric strength t t   changes in  
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re Ci the highlights t  experimental studies 
re as f ll s: 
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 a gerated version  t e  lt "  t t i  is 
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a d 10  i it r . he itio e  s er  then tested to s e i changes 
ad o curred i  certain sel ct d performance parameters. o i ificant 
s in the normal performance parameters er  tected s a t 
 the voltage br  r t t. e  the electrostatic sensitivity, 
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t h a t  is ,  t h e  v u l n e r a b i l i t y  o f  t h e  EED t o  a pu l se  o f  h igh  vo l t age  app l i ed  
from  bridge-to-case, was  n o t  s i g n i f i c a n t l y  a l t e r e d  b y  t h i s  p r e t e s t .  It 
w a s  t hough t  t ha t  t h i s  pa rame te r  would undergo a change  s ince  the  500 v o l t  
breakdown test is appl ied  f rom br idge  to  case  and  could  conce ivably  enhance  
any  breakdown p a t h s  p r e s e n t  i n  t h e  EED under test .  The lack o f  p o s i t i v e  
r e s u l t s  w i t h  t h i s  test series does  no t  necessa r i ly  p rove  tha t  t he  vo l t age  
breakdown o r  d i e l e c t r i c  s t r e n g t h  tests will no t  a f f ec t  t he  pe r fo rmance  of 
o t h e r  EEDs. Where unusual  configurat ions or  conduct ive mixes are used the 
performance of t h e  EED may b e  a f f e c t e d .  It is p o s s i b l e  t h a t  t h e  r e l i a b i l i t y  
of an EED may h e  s i g n i f i c a n t l y  r e d u c e d  i n  some cases s ince  the  br idge- to-  
case type  tests may s e n s i t i z e  t h e  EED t o  t h i s  mode of f i r i n g .  F u r t h e r  
i n v e s t i g a t i o n  w i t h  EEDs of o ther  conf igura t ions  and  ign i t ion  mixes  i s  
ind ica t ed .  
Pin-to-Pin Pretests 
The D m T  and the TA-700 squ ibs  were used t o  s t u d y  t h e  e f f e c t s  
of t he   p in - to -p in   t ype   p re t e s t s .   I n   each  case the   cons t an t   cu r ren t  
s e n s i t i v l t y  t o  p u l s e s  of  10 second durat ion,  the funct ioning time, t h e  
dynamic r e s i s t a n c e ,  t h e  t h e r m a l  t i m e  cons tan t ,  and  the  br idgewire  power 
s e n s i t i v i t y  were s t u d i e d  t o  see i f  changes could be caused by the application 
of no rma l  p re t e s t s  and p r e t e s t s  of  exaggerated severi ty .  
The c o n s t a n t  c u r r e n t  s e n s i t i v i t y ,  f u n c t i o n i n g  time, poss ib ly  
thermal t i m e  constant and bridgewire power s e n s i t i v i t y  of t he  DART squib were 
s i g n i f i c a n t l y  a l t e r e d  o n l y  by t h e  severe condi t ion ing  af forded  by the  
successive  increment   technique.   Condi t ioning  with  the  no-f i re   current ,  
t h e  most severe  p in- to-p in  pre tes t  normal ly  appl ied  by u s e r s  and manu- 
. f a c t u r e r s  of EEDs,  even   fo r  72 hours   d id   no t  a l te r  these  parameters .  
These r e s u l t s ,  combined wi th  the  comple t e ly  nega t ive  r e su l t s  ob ta ined  wi th  
t h e  dynamic r e s i s t a n c e  tests, would seem t o  i n d i c a t e  t h a t  t h e  DART squib  
i s  no t  a f f ec t ed  by the  normal  p in- to-p in  pre tes t s .  The i n c r e a s e  i n  t h e  
func t ion ing  time of t h e  DART squ ib  due  to  the  app l i ca t ion  of success ive ly  
inc reas ing   cu r ren t   pu l se s  i s  i n t e r e s t i n g .   S i n c e   n o - f i r e   p u l s e s   a p p l i e d  
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 vulnerability of the    of high voltage applied 
 bridge-to-case,  significantly alt red by this pretest. 
 t tha  this parameter  undergo  nge si ce the  
  from bridge to case and uld conceivably nhance 
breakdown s prese t in the  positive 
 wit this s not necessarily prove that the voltage 
 dielectric strength i  a fect th  pe formance  
.  configurations r conductive mixes  the 
    a fected.  i le that the reliability 
an  b  significantly reduced in the bridge-to-
the   t i  Further 
with   configurations and gnition mixes  
i - i  ret st
AR   the   study th  effects 
 pin-to-pin typ  pretests. In each constant current 
i to pulses 10 second duration, the functioning  
the thermal i e and the bridgewire 
 ied t  es could be caused by the application 
 r al retests exa gerated s verity. 
t cu rent sensitivity, functioning 
 and bridgewire     
altered only  a forded  
increment technique. C ditioning with the no-fire current, 
  pin-to-pin pretest normally applied  -
rs  n for did not p ram ters. 
the completely negativ  results obtained 'Y.lth 
   indicate that the   
 affected normal pin-to-pin pretests. ase in the 
  i  due to the appl cation   
current pulses  . Si ce no-fire pulses applied 
f o r  o n l y  a n  h o u r  t o  t h e  TA-700 squib caused a similar i n c r e a s e  i n  f u n c t i o n i n g  
t i m e  t h e  e f f e c t  may be common t o  many EEDs and should be s tudied in  more 
d e t a i l .  
The dynamic r e s i s t ance  and  the  the rma l  time constant  of  the 
TA-700 squib  were n o t  s i g n i f i c a n t l y  a f f e c t e d  by any type of conditioning 
pulse .  The s e n s i t i v i t y  t o  c o n s t a n t  c u r r e n t ,  1 0  s e c o n d  p u l s e s  and t h e  
func t ioning  time were a f f e c t e d  by a p p l i c a t i o n  o f  t h e  n o - f i r e  c u r r e n t  f o r  
extended  periods  of time. I n  t h e s e  tests groups of TA-700 squibs  were 
s u b j e c t e d  t o  t h e  n o - f i r e  c u r r e n t  level for  per iods  ranging  f rom 1 t o  
72 hours.  The condi t ioned  squibs  were t h e n  f i r e d  i n  B r u c e t o n  tests t o  
de t e rmine   t he   cons t an t   cu r ren t   s ens i t i v i ty  and  functioning time. Con- 
d i t i o n i n g  times of only one hour caused a decrease of 15% i n  s e n s i t i v i t y  
and  an  increase  of 100% i n  f u n c t i o n i n g  time. Longer  conditioning times 
caused   s l igh t ly   g rea te r   changes   in   these   parameters .   These   e f fec ts  oc- 
cu r red  wi th  two d i f f e r e n t  l o t s  of TA-700 squibs .  Changes were a l s o  de- 
t e c t e d  i n  t h e  b r i d g e w i r e  power s e n s i t i v i t y  and bridgewire resistance due 
to  condi t ion ing  wi th  success ive  increment  pulses .  
The scope of t h i s  program w a s  s u c h . t h a t  d e t a i l e d  i n v e s t i g a t i o n s  
of a l l  t he  obse rved  e f f ec t s  cou ld  no t  be  ca r r i ed  ou t .  The s tudies  which 
were conducted,  while  yielding information of a p a r t i c u l a r  n a t u r e  a b o u t  
t h e  EEDs which where used in  the  exper iments ,  can  be  appl ied  on a more 
g e n e r a l  l e v e l  i f  w e  concede t h a t  t h e  EEDs used were r ep resen ta t ive  types .  
Desens i t i za t ion  of t h e  TA-700 squib ,  for  ins tance ,  b rought  about  wi th  
c u r r e n t s  of t h e  same magnitude as those  used  in  p re sen t -day  p re t e s t s ,  o r  
the lengthening of  the funct ioning t i m e  c e r t a i n l y  raise ques t ions  as t o  
a p p l y i n g  n o - f i r e  p r e t e s t s  t o  a l l  EEDs.  The n e g a t i v e  e f f e c t s  w i t h  t h e  
v o l t a g e  breakdown p r e t e s t  s u g g e s t  t h a t  t h i s  test  may no t  be  ha rmfu l  fo r  
t h e  m a j o r i t y  of EEDs. 
A t heo re t i ca l  approach  fo r  t he  a s ses smen t  of t h e  v u l n e r a b i l i t y  
of EEDs t o  p in - to -p in  type  p re t e s t s  has  been  p resen ted .  In  o rde r  t o  app ly  
t h i s  t e c h n i q u e  some knowledge of t h e  EED br idge  conf igura t ion  and t h e  
p r o p e r t i e s  of the surrounding explosive material i s  necessary.  A s  we have 
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of the no-fire current for 
periods of these  00  
ted to the no-fire current  periods ranging from   
 squibs  fired in Bruceton  
r ine the constant curr t sensitivity functioning -
only one ho r caused   5% sensiti i
a  incr ase of 0% functioning er conditioning 
sed slightly gr ater changes in these parameters. These effects -
 with rent lots    -
in the bridgewire  bridgewire resistance due 
conditioning with success ve increment pulses. 
  s  ch detailed investigations 
  observed effects could not be carried out.  which 
ted, while yielding information    nature about 
  where used th  experiments, can be applied  
l level if  the  types. 
  0 for instance, brought about with 
     used in present-day pretests, or 
lengthening of the fu ctioning    
lying no-fire pr te ts to l i e e fects wi  the 
 sugges tha  this be harmful for 
majority  . 
ti al a proach for the assessment   vulnerability 
 pin-to-pin ty e pretests has been presented. In order to apply 
technique of   configuration  
 surrounding explosive    
po in ted  ou t ,  t he  ga the r ing  of t h i s  knowledge, though d i f f i c u l t ,  may some- 
times prove easier than performing tests of t h e  t y p e  u s e d  i n  t h i s  s t u d y .  
I f  f u r t h e r  i n v e s t i g a t i o n  o f  t he  e f f ec t s  o f  p re t e s t s  on  spec i f i c  EEDs i s  
t o  be  ca r r i ed  ou t ,  a combination of a t h e o r e t i c a l  and a p rac t i ca l  approach  
should be employed. 
This  s tudy  has  shown t h a t  p r e t e s t  e f f e c t s  do e x i s t  which re- 
q u i r e  a d d i t i o n a l  s t u d y .  Each i n d i v i d u a l  EED h a s  r e a c t e d  i n  a d i f f e r e n t  
manner t o  p r e t e s t s .  T h i s  shows cau t ion  must  be exercised in  making  gener- 
a l i z a t i o n s  u n t i l  t h e  s i g n i f i c a n t  s q u i b  v a r i a b l e s  a n d  t h e  a c t u a l  mechanisms 
of degradat ion are i d e n t i f i e d .  I n  a d d i t i o n  t o  t h e  i n h e r e n t  v a r i a t i o n s  
in  pe r fo rmance  fo r  a pa r t i cu la r  squ ib  des ign  the re  will b e  f l u c t u a t i o n s  
introduced by l o t  t o  l o t  v a r i a t i o n s  and t o  some e x t e n t ,  measurement e r r o r s .  
It i s  recommended, t h e r e f o r e ,  t h a t  a d d i t i o n a l  s t u d y  of p r e t e s t i n g  e f f e c t s  
be performed on both a gene ra l  and a p a r t i c u l a r  b a s i s .  The  work c a r r i e d  
ou t  du r ing  th i s  i nves t iga t ion  has  on ly  paved  the  way f o r  f u t u r e  s t u d i e s .  
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 out, the gathering   though -
performing type used in this study. 
further investigation th  effects of pretests on specific   
  ca ried out,  of   ti al a proach 
be  
 study has  pretest effects  
a ditional study.    reacted in  
pretests. This t b  xercised in gener-
until the s gnificant squib vari bles and the actual 
  In addition  inherent variations 
perfor for  ti lar squib design there i l  fluctuations 
to lot variations  
 that additional study  i  e fects 
performed on both    basis. work  
 during th s investigation has only paved the future studies. 
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SLWfEY (3F EED ~. 3.ECTRICAL PRETESTING PRACTICES 
-. 1 C &ec: i? ic "." Xoasurements "._. Eade .>" 
1.2. Bridge  Resistance 
a.. Current  level?- - "- - -.i. . 
b. Instrmlent?  -.... - " 
c. Xcnhex- of appl ica t ions   per   un i t?  
2 .  Percenirage of l o t  t e s t ed?  I_ 
1 - 2  Vol.tage Erezkdown o r  Dielectric Strength 
a. i ro l tage  l eve l s?  ~~ . .  . 
b ,  Currenr l imi t a t ion?  
c. Instrument? 
- . "  . ."- 
- 
d.  Number of appl ica t ions   per   un i t?  
e +  Percentage of l o t  t e s t ed?  
f. Criteria for acceptance? 
1;.3 5tat:Y-c E l e c t r i c i t y  
A-2 
1 e Re istance 
. level? 
h. Instrument? ____________________ ~ __ -___ ~ 
. NL;nher  li ti  per unit? _____________ _ 
d. Percentage of lot tested? ___________________ _ 
L 2 ta B a dmm  
a. Voltage levels? ______________________________ ~~ 
. t ti ? 
---------------------------~~~ 
c. Instrument? ________________ ~ _______________________ _ 
d. u ber of applications per unit? _____________________ _ 
~. Percentage of lot tested? _____________________________ ___ 
f. Criteria for acceptance? ________________________________ _ 
 Static tricicy 
Voltage levels? ____________________________________ -
Ca?acita~ce values? 
c. Hodes? (pin-co-case, bridge-to-bridge, etc.) ________ _ 
c.. Nl;.c,ber of applications per unit?, ________________ _ 
e. Pe.rcenta.ge of lot tested? ____________________ _ 
~. Criteria for acceptance? 
l.~ N~-?ire Currents 
$. T:i.m,~ of application? ________________________ _ 
b. Ifumher of applications per unit? __________ . ___ _ 
;~. PeJ:'centage of lot tested? ___________________ _ 
 
3.1 Have you conducted  any  evaluations of this  nature,  or h v e  any 
test data on this  subject?  Reports?- 
, .. -' . , 
, 
,.' 
I 
1.5 No-Fire Currents (one amp - one watt types) 
b. Number of applications per unit? __________________ _ 
c. Percentage of lot tested? ___ . ~ ____ .. _ .. _~ ______ _ 
1.6 RF Suscep.tibility 
Frequencies 1_ .~_. ' ___ .,~ ... "-.'--"--' 
c. 
-----~----
d. Time of application? ~~.~.~~_"_~~~_. ____ ~. ___ . __ ._ 
e. Number of applications per unit1~_ .. _. __ _ 
f. 
g. Percentage of lot tes 
1.7 Other Tests 
b. Time of application?~.~> 
c. Number of applications per 
d. Modes ~",.....-_~~ __ 
e. Percentage of lot tested? 
2.0 Available Hardware 
2.1 Can you furnish any EED's that might be of interest to NASA 
for evaluation if NASA pays for the evaluation? 
-------
2.2 Would you like to fund any evaluations? ________________ __ 
3.0 Recommendations or Problem Areas of Interest 
.  a  ct any evaluations  nature, or \a  a
subject? eport  
--------------------------
A-3 
3.2 Do you have any recommendations o r  ques t ions  tha t  you would l i k e  
t o  i n c l u d e  i n  t h i s  e v a l u a t i o n ?  
4.0 Publication 
4.1 May we publish the information you supply? 
4.2 Would you prefer  tha t  your  rep ly  remain  anonymous? 
4 . 3  Would you l i k e  t o  r e c e i v e  t h e  r e s u l t s  of t h i s  study? 
Please address replies 
t o  
The Frankl in  Iast i tute  Research Lzborator ies  
Applied Physics Labaratory 
20th 2nd Parkway 
Philadelphia ,  Penna.  19103 
Attn: R. G. Amicone 
.  have any recommendations  tions that  
to include in this evaluation? ________________________________ __ 
.0 
.  ay e lis  the information you supply? ____________________ __ 
 that your reply remain  ____________ __ 
 to receive th  results   
------------
a dre s 
 
 Institute R search Laboratories 
Physics Laboratory 
a
9103 
. .
A-4 
APPENDIX B 
D e s c r i p t i o n  o f  Tests Used i n  P r e t e s t  S t u d i e s  
B-1 
I   
ri ti    Pretest Studies 
CONSTANT  CURRENT  SENSITIVITY  AND  FUNCTIONING  TIME 
The equipment  used  for  the  constant  current  evaluations  is 
The  Franklin  Institute  Laboratory  Universal  Pulser (FILUP). This instrv- 
ment  is  capable  of  controlling  the  current  and  the  time  of  application  to 
within 1%. The  constant  current  sensitivity  of  EED's  in  this  program  was 
determined  by  the  Bruceton  method  with  constant  current  applied  to  the 
bridgewire  for  a  maximum  of 10 seconds  and  the  functioning  time,  if any, 
recorded.  Functioning  time,  as  we  define it, is  the  interval  between 
the  application  of  a  firing  pulse  to  an  EED  and  the  output  of  a  photo-sen- 
sitive  detector  that  responds  to  the  flash  resulting  from  the  initiating 
EED.  The  results  of  sensitivity  tests  are  analyzed  to  yield  the  currents 
necessary  to  produce  firing  probabilities  of 9 9 . 9 % ,  50.0%, and 0.1% wi.th 
95% confidence. 
DYNAMIC  RESISTANCE 
Upon  application  of an input  stimulus  to  the  bridgewire  system 
of an EED  the  wire  element  undergoes  dynamic  resistance  changes,  which 
are  related  to  the  thermal  properties  not  only  of  the  wire  but of its
environment.  The  dynamic  resistance  characteristics  often  reflect  function- 
ing  abnormalities  that  might  otherwise  go  undetected,  such  as  a  discon- 
tinuity  in  the  functioning  time  response;  or  bridgewire  rupture  (for  high 
input  currents)  before  adequate  energy  has  been  transferred  to  the  sur- 
rounding  explosive  to  cause  initiation. 
Dynamic  resistance,  or  the  time  rate of change  of  bridgewi.re 
resistance  of  EED's  is  determined  by  passing  a  known  constant  current 
through  the  bridgewire  (usually,  with  The  Franklin  Institute  Laboratories 
Universal  Pulser,  FILUP)  and  recording  the  voltage  drop  across  the  bridge- 
wire  as  a  function  of  time.  An  oscilloscope  is  generally  used to record 
the  voltage  drop  as  a  function  of  time. Due to  the  magnitude  of  the 
currents  used  to  make  the  dynamic  resistance  measurements  the  bridgewire 
is almost  always  broken,  i.e.,  the  EED  is  destroyed.  The  manner  in  which 
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 p e t used for the constant current valuations is 
Frank in Institute Laboratory Universal Pulser P). i str~'­
ent is capable of controlling the current and the time of application to 
it . co a  current sensitivity of EED's in this program was
r by the Bruceton method with constant current applied to the 
d ir for a maximum of  and the functioning time, if  
 Functioning t e,  we define , the interval between 
app ication of a firing pulse to an EED and the output of a photo-sen-
iv detector that responds to the flash resulting from the initiating 
. The l of sensitivity tests are analyzed to yield the currents 
to produce firing proba il ties of , 1% ith 
5% f  
I  STANCE 
application of t stimulus to the bridge\V'ire system 
 the wire elem nt undergoes dynamic resistance changes, which
related to the thermal pro erties not only of the wire but  
on ent  The dynamic resistance characteristics often reflect functio -
n abnor l ties that might otherwise go undetected, such as a di con-
in in the functioning time r sponse; or bridgewire rupture (for high 
currents) before adequate energy has been tra sferred to the sur-
explosive to cause initiation. 
y i resistance, or the time rate of bridgewire 
ta of E D's is determined by passing a known c nstant current 
hrou the bridgewire (us ally, with T e Franklin Institute Laboratories 
nivers l Pu ser, FILUP) and recording the voltage drop across the bridge-
ir as a function of time. An oscilloscope is generally used 
voltage drop as a function f time.  the magnitude of the 
r t used to make the dynamic resistance measur ments the bridgewire 
ost always broken, i.e., the EED is destroyed. The manner in which 
-
a dynamic r e s i s t a n c e  o s c i l l o g r a p h  trace is i n t e r p r e t e d  is i l l u s t r a t e d  i n  
F igure  A l .  Since w e  know the current  which was app l i ed  to  the  b r idgewi re  
w e  can  s imply  d iv ide  the  cu r ren t  i n to  the  change  in  vo l t age  (AV) t o  y i e l d  
t h e  c h a n g e  i n  r e s i s t a n c e  (AR). A div is ion  of  A t  i n t o  AR then  g ives  us  the  
value of dynamic r e s i s t a n c e  i n  ohms/second. . .  
THERMAL T I M E  CONSTANTS 
Thermal time cons tan t  is def ined as t h e  t i m e  r e q u i r e d  f o r  t h e  
br idgewire  tempera ture  to  decay  to  36.8% of  the maximum temperature excur- 
s i o n  a f t e r  a p p l i c a t i o n  of an  input  st imulus.   Thermal time cons tan t  i s  
de termined  in  the  fo l lowing  manner: a small cu r ren t  is passed  continuously 
through the br idgewire  of t h e  EED before ,  dur ing ,  and a f t e r  t h e  a p p l i c a t i o n  
of a l a r g e  c u r r e n t  p u l s e  of s h o r t  d u r a t i o n .  The monitoring  current,   which 
i s  he ld  cons tan t  by the  inc lus ion  of a r e l a t i v e l y  l a r g e  series (cur ren t  
l i m i t i n g )  r e s i s t o r ,  i s  small enough not  to  cause any appreciable  changes 
in  the  b r idgewi re  r e s i s t ance .  S ince  the  mon i to r ing  cu r ren t  i s  cons t an t ,  
i t  is poss ib le  to  use  the  poten t ia l  across  the  br idgewire  observed  wi th  
an  osc i l loscope  as a continuous measure of the  ins tan taneous  va lue  of  
r e s i s t a n c e  as t h e  w i r e  c o o l s .  
CONSTANT  CURRENT  SUCCESSIVE  INCREMENTED PULSES 
To d e t e r m i n e  t h e  q u a l i t a t i v e  e f f e c t  of constant current prepul- 
ses on t h e  s e n s i t i v i t y  of EED's w e  use a successive increment  tes t ,  which 
is a series of cons tan t  cur ren t  pu lses  of e q u a l  d u r a t i o n ,  s t a r t i n g  a t  a 
r e l a t i v e l y  low l e v e l ,  u s u a l l y  a b o u t  f i v e  s t a n d a r d  d e v i a t i o n s  (m-50) below 
the  cur ren t  necessary  to  produce  a f i r i n g  p r o b a b i l i t y  of 50%. With  each 
success ive  pu l se  the  cu r ren t  is increased  by a f i x e d  amount u n t i l  t h e  EED 
f i r e s  o r  some pre-determined  high  current  i s  reached. The i n t e r v a l  between 
pu l ses  must be long enough f o r  t h e  b r i d g e w i r e  t o  r e t u r n  t o  a m b i e n t  t e m -  
pera ture  to  avoid  thermal  s tacking .  If t h e  s e n s i t i v i t y  of the   device  under  
test i s  no t  a f f ec t ed  by prepuls ing ,  then  w e  would expect  i t  t o   f i r e  a t  
a cu r ren t  pu l se  nea r  o r  abou t  t he  mean cur r .en t  es tab l i shed  by a con t ro l  
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 constant inclusion  large  
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the bridgewire resistance. Since the monitoring current  , 
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 osci loscope   measure  instantaneous value 
   
 CURRENT SUCCESSIVE INCREMENTED  
 ter ine t qualitativ  effect constant current prepul-
 sensitivity  I S    increment "Thl
   current pulses  l durati starting at  
usually about five standard deviations -5a) 
curre t necessary to produce  probability  . each 
i e pulse the current    the  
s or high current   
 be lo g enough the briqgewire to return to ambient -
to avoid thermal stacking.   sensitivity f device under 
 a fected then     
 pulse near or about the ent established  
test .  When several EED's are f i r e d  i n  t h i s  manner ,  the  overa l l  average  
f i r i n g  c u r r e n t  and  s tandard  devia t ion  may be computed. 
If p repu l s ing  has  any  e f f ec t ,  w e  can expect one of two r e s u l t s .  
E i the r  t he  dev ice  may become more sensit ive,  which is improbable;  or  i ts  
s e n s i t i v i t y  may b e  d e g r a d e d .  I f  t h e  s e n s i t i v i t y  o f  a n  EED i s  decreased 
by prepuls ing,  the decrease probably occurs  in  the fol lowing manner .  
The i n i t i a l  o r  f i r s t  p r e p u l s e  (m-5a) w i l l  d e s e n s i t i z e  t h e  EED 
by some small amount s o  t h a t  t h e  p r o b a b i l i t y  o f  f i r i n g  by the second pre-  
pu l se  is reduced. The second   pu l se   causes   fu r the r   desens i t i z ing ,  so  t h a t  
t h e  t h i r d  p u l s e  is less l ike ly   t o   cause   f i r i ng .   Th i s   s t ep -by- s t ep   desen -  
s i t i z ing  con t inues ;  hence ,  i f  t he  inc remen t  be tween  p repu l ses  i s  kept  
sma l l  enough ,  t he  sens i t i v i ty  o f  t he  dev ice  may be pushed beyond the 
a rb i t r a ry  uppe r  l i m i t  of (m+5a) long  before  the  pulse  ampl i tude  becomes 
l a r g e  enough t o  f i r e  t h e  item. On the  o the r  hand ,  i f  t he  cu r ren t  i nc remen t  
between prepulses is l a r g e  enough t o  overshadow, t o  some exten t ,  the  change  
. i n  s e n s i t i v i t y ,  f i r i n g  w i l l  occur somewhere  between the  no rma l  sens i t i v i ty  
poin t  and the  u p p e r  limit. 
NONDESTRUCTIVE  MEASUREMENTS 
For the p a s t  several years ,  under  the  sponsorsh ip  of P ica t inny  
Arsenal, our  laboratory has  been invest igat ing the relat ionship between 
nondes t ruc t ive  measurements  and  the  f i r ing  sens i t iv i ty  of  e lec t roexplos ive  
devices  (EED's) . This   research  has   reached  the  point   where it can  be 
app l i ed  to  ma.ny EEDs w i t h  t h e  e x p e c t a t i o n  t h a t  some degree  of  cor re la t ion  
will be  found 'between t h e  c o n s t a n t  c u r r e n t  f i r i n g  s e n s i t i v i t y  and t h e  
electrothermal  parameters  that  can be measured without  degrading the EED. 
1 
The parameters  tha t  are measured are R- ( i n i t i a l  r e s i s t a n c e )  
AR 
CP 
U 
and - (power s e n s i t i v i t y ) ,  where the l a t t e r  i s  def ined as t h e  c h a n g e  i n  
b r i d g e w i r e  r e s i s t a n c e  f o r  a corresponding  increase  in   input   power.  We 
'Army Contract  No. DA-36-034-501-0-3115R.D Reported i n  FIRL Reports 
MU-A2357-10 through 4 3 .  
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or first prepulse s l  the 
  the probab lity of firing second pre-
 ond pulse causes furth r desensitizing,  
 third pulse   to cause firing. This -by-step desen-
 continues; hence, if the increment between prepulses  
l enou  the sensitivity of the device pushed beyond the 
r  u per t  sa)  before the pulse amplitude 
  fire the other hand, if th  cur nt increment 
en prepulses     the change 
 sensitivity, f ring l  between normal sensitivity 
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MEASUREMENTS 
 the under the sp nsorship  
 laboratory has been investi ating the relationship between 
i  measur ts and the firing sensitivity of electroexplosive 
 D's)l. research has reac d the point where be 
i  to   ,,7i  the expectation that  of correlation 
\·.il1  bet  constant current firing sensitivity  
l parameters th t can be m asured without degrading the 
t rs that    l resistance) 
oto"zp  the  chang in 
e ire resistance for ing increase in input pmver.  
I Army -36- s01-0RD-31IsR    
3s -10  
-  
have found that a p red ic t ab le  inve r se  r e l a t ionsh ip  ex i s t s  be tween  the  
product  R - and t h e  c u r r e n t  r e q u i r e d  t o  f i r e  EEDs. The cur ren t  necessary  
t o   f i r e  a w i r e  b r idge  EED can  of ten  be  es t imated ,  on a r e l a t i v e  b a s i s ,  
by measuring only R a b u t  a h igher  degree  of  cor re la t ion  can  be  had by 
using the product  R - One great  advantage of  using R - ins tead  of  R 
is that the former can detect abnormal thermal environments around the 
bridgewire such as the absence of the  spot  charge .  
AR 
oA P 
0 '  
oAP * oAP 0 
AR 
To c l a s s i f y  a test as nondes t ruc t ive ,  one  must  be  ab le  to  make 
a l l  measurements  wi thout  a l te r ing  or  degrading  the  normal  f i r ing  sens i t iv i ty  
of t h e  test  item. Pas t  expe r i ence  wi th  seve ra l  EEDs i n d i c a t e s  t h a t  t h e r e  
are usua l ly  no changes i n  t h e  normal f i r i n g  s e n s i t i v i t y  c a u s e d  by  measur- 
ing R o r  - by the fol lowing procedure.  Both R and - are  measured  with 
a r e s i s t a n c e  b r i d g e  c i r c u i t  shown i n  F i g u r e  A l ,  where X r ep resen t s  t he  
device  be ing  tes ted ,  and t h e  series r e s i s t o r s  a t  A o r  B l i m i t  t he  cu r ren t  
th rough the  de tona tor  to  1 mil l iampere.  When the  b r idge  i s  balanced, ? 
i s  recorded. The br idge  i s  then  unbalanced by inc reas ing  R by a known 
amount ( t h i s  i s  AR) and t h e  c u r r e n t  is increased  to  br ing  the  br idge  back  
in to  ba l ance .  The vo l t age  d rop  ac ross  the  de tona to r ,  due  to  th i s  i nc reased  
c u r r e n t ,  i s  measured  and t h e  power i s  computed, P = 
i n  power (AP) necessa ry  to  ba l ance  the  c i r cu i t  is a c t u a l l y  t h e  power 
necessary  to  ba lance  the  br idge  for  a known R minus the  power necessary 
to   measure R . The  power needed to   measure R is so small i t  i s  always 
n e g l e c t e d  i n  t h e s e  c a l c u l a t i o n s .  
AR AR 
o AP 0 AP 
0 
1 
E2 
(R~+AR.)  The change 
0 0 
The re la t ionship  which  w e  have  found2  between R and t h e  con- 
0 
s t a n t  c u r r e n t  s e n s i t i v i t y  i s  given approximately by 
Cons.  Cur.  Sens. = kl ( )+ k29 
where k and  k2 are cons tan ts .  1 
2 l o c .  c i t .  
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